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AE-II - COURSE CONTENT 
COURSE LEVEL OBJECTIVES - Each student should: 

3. Know the major factors wh.ich affect aircraft design. " 

b. Know how aircraft engineers have taken advantage of advanced 
. > design technology to make aircraft more efficient. 

c. Know the fnajor design characteristics of aircraft engines. 

d. . Know the effect advanced aircraft engine design has on improved 

air travel. 



e. Know the basic elements of air navigation. 

f. know how to use the simpl^er aids to air navigation. 

g. Know the status of civil aviation. * 

h. Know the effect civil aviation has on our society and the 
■problems yet to be solved. 

i. Understand the role -of military aerospace in our society. 



INSTRUCTIONAL UNITS IN AE-II: 

I. Theory of Aircraft Flight 
; II. Propulsion Systems for Aircraft^ 
III. Air Navigation • 
IV. Civil Aviation and Facilities-* 



V. Military Aerospace^ 
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^ . • > . INSTRUCTIONAL UNIT I 

... " .THEORY OF AIRCRAFT FLIGHT 

\ INSTRUCTIONAL UNIT OBJECTIVES - When- the book is completed each student 
^should: 

a. Be familiar with man's ea^ attempts to fly. 

b. Know the basic -physical laws which ^pply'to aircraft flight. 

c. .Know the properties of the atmosphere which are important to 

aircraft flight. 

d. Know the forces acting upon^an airplane in flight. 

e. Be familia'r with aircraft stability and how it is affected by 
• aircraft controls. - - 

f. Know how aircraft engineers have taken the basic physical laws 
and the characteristics of the atmosphere Into account wlien 
designing aircraft. 

' \ ' 

g. Know the "importaVice ojpiircraft instruments 'to safe flight. 

-INSTRUCTIONAL UNIT I CHAPTERS ^ 

, Page * 

I. Aer'odynamic Forces \ j.] 

II. Properties of the AtrtjostJhere I_12 

III. Airfoils and Flight . 

IV. Weighty Thrust, and Drag ^ I.29 

V. Aircraft Motion and Control * I_38 

VI. Aiircraft Structure - I_47 

VII. Aircraft Instruments « • 1.57 
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• CHAPTER I - AERODYNAMIC FORCES 



This chapter introduces the' unit and places man's attempts 
, to fly in historical perspective. The student should realize 
that the Wright brothers ' , achievement depended on the ex- 
perience of many centuries.- Once the student has this sense 
of history firmly in mind, he can then examine the evolution 
of certain other physical laws in order to see how these laws 
affect aircraft in flight. Finally, he can take a quick look 
at an aircraft in flight in order to see how both history and 
physical laws help explain why the aircraft stays aloft. 

1. OBilEtlTiyES: 

a. Tra'ditional -'iScH'^tildent should: 

(1) Be familiar with man's early attempts to fly. 

(2) Know Newton's Laws of Motion. 

(3) Know how Bernoulli's Principle applies to aircraft flight. 

" Be familiar with the forces affecting an aircraft in flight. 



b. Behavioral - Each stu(ient should be able to: 




(1) Give at least three examples of man's early attempts to , 
fly. { 



(2) - State each of Newton's Three Laws of Motion and give an 
example of each. ^ • — 



(3) Describe how Bernoulli's' Principl-e app^lies to aircraft 
flight. 



(4) Name each of the four forces that affect an aircraft in 



flight. 



2. SUGGESTED OUTLINE: 



a. Man's early theories and myths about flight. 



V 



(1) Grecian Legend - an attempt to explain why birds^fly and 
man does not. 



(2) Archimedes' Experiments - concluded that things lighter 
than air will float in the atmosphere. 



/ ■ - ' 
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Early manned flying attempts . 

(1) Pre-Chlistian Chinese Period - Chinese man-flying kites; 
battle observation. \ 

(2) Leonardo da Vinci - designed forerunners of the parachute 
and a helicopter which lacked a power source; ideas dormant 
until recently, 

(3) Bird observation - observing birds'in flight proved to be 
the clue to the secret of flight. 

. . ' ^ 4 

(4) George Cayley - 19th Century Englishman; built the first 
true model glider. • • 

Twentieth Century advances 

(1) Emergence of the combustion" engine, 

J' 

(a) - Prirfiary source of power in the 20th century. 

(b) Samuel Langlej^ - one of first to build a powered , ^ 
aircraft, 

(2) Introduction of the dirigible - a steerable airship; 
competed with heavier-than-air aircraft for superiority 
in the early part of century. . 

(3) Wright brothers - Oryille and Wilbur, combined all the 
Pl^ious knowledge to make the first .successful controlled, 
po)ie#ed, heavier-than-air aircraft flight: 



\ 

Physical laws uftderlyihg flight ' ^ 

■ ■ ' >• 

(1) Bas-ic 'principles of flight; heavier-than-air craft fly 
because their airfoils lift and support' their weight in ' 
flight as thrust is created which overcomes- the resistance 
of air (drag) . 

(2) ' Sir Isaac Newton's (1642-1727) Laws of Motion 

(a) Law of Inertia - "a body continues in its state of/ 
rest or unifonn motion in a stVaight line unless ab 
unbalanced 'force' acts on it," / ' 

• (b) "The accele#tion of a body is directly proportional 
to the force exerted on the body, is inversely pro- 
portional to the force exerted on the body, is 
inversely proportional to the mass of the body, and 
is in the same direction as the force." 

- ^ t 
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{ci '^hMer one body exerts a force upon a second 
hertSyl tHe second exerts an equal and opposite force 
upon t-he first body." ' , 



'(3) Terms and explanations' of Newton's Uws.-- 



(s) First Law. ^ 



/ 



' K Acceleration - the change in speed per unit of 
time ifT^fiLjiven direction. 

* 2. Velocity - the rate of motion in a given direction. 

(b) Second Law- - 

• 1. Force - Power or energy which possesses both 
magnitude and direction and is exerted againTt 
a material body in a given direction. 

2. Mass - quantity of matter in a body. 

3. Weight - pull of gravity on that quantity of 
matter. * . . ^ 

(c) Third Law - for every action there must be an equal ' 
and opposite reaction.- . j , 

(4) Daniel Bernoulli - 18th century Swiss scientist. 'S'' 

(a) Discovered the- principle that as velocity of a fluid 
Increases its pressure decreases. 

(b) Venturi Tube - narrower in the middle than at ends;' 
this restriction causes a decrease in pressure - an 
application of Bernoulli's prlncif^-le. 

Forces of flight 

* 

(1) Lift, weight, thruSt, and.drdg - opposing forces must be 
in balance with one another when an aij^craft is tn straiaht 
and level, unaccelerated flightT.. _ • ■ " 

(a) Lift - Operates to overcome weight. 

(b) Weight - force pul VI ng the aircraft toward the earth. 

* 

(c) Thrust - force giving motion to aircraft. 

(d) Drag - force that opposes thrust or forward motion of 
the aircraft. 
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3. ORIENTATION: • 

The relationship between history and flight science. - 

(1) The fiVst part'of this chapter reviev^s the historical 
developments of man's quest for successful flight, but 

-not in the detail or depth pursued ih Aerospace Education 1. 

(2) The justiff caption for the brief review is to Reinforce you«^ 
students' recall of the historical developments of aviatiori- 
and various types of flying craft in order that they may 
gain an- understanding as to why men fly. In thtslriahher 

i we make the transition from the historical development 
' of ayialion to the theoretical principles of flight and 
the 'ph)^|iceil laws which govern theiri. . * 

SUGGESTED KEY pdlNTS: 



(NOTE: Many pgge references cited in this handbook may not contide 
. with the exact pages of your reference books. Many reference 
books have been revised several times since AFJROTC started 
in 1966.) 



*** V-9002, pp 1-4 

** V-9014, pp / 
^ n-37. / 
*** V-9156 (1973f 

ed. ) , DP 6/6-9 
*** V-9198, ' b. 
(The Flying 
Machine), pp 
1-4 / 



■** V-9002, pp 
4-8 

** V-9014, pp 
36-69 
*** V-9156, pp 

B29-40 d. 
** V-9002, pp ( 
10/13 ^ 
*** V-§0T4, pp 78, 

80-84 
*** V-9156, pp 
640-4 
** V-9157, pp 8-13 
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Wfi take the student back in history to the myths' 
^nd legends related to man's desire to fly. We 
show that there were undoubtedly some grains of 
truth and fact contained in them and that the 
pyramid of legends artd experiences gradually ^frrabl?^ 
man to realize his dream. 

As man observed the air space around him and-^ticfj' 
natural phenomena as smoke risiq^ ancf'the fTtghf 
of birds, he became aware that his basic'prtfbfs'rt 
was to build an airship which was lightef^ th'ah a 
like volume of air. 

Since- satisfactory p^wer sources for heavfe)^-thart'- 
air craft weren't av^ailable, the Montgq^lfier 
brothers introdi^ced balloon flight. Continuous 
progress and success with balloons revi^aTfied ^ ' 
and stimulated man's interest in flying. 

The student should be brought to rfecoAnize that 
the true pionwrs of flights we/e th€\ nineteenth 
century experimenters who lald' the real foufidatibrt^ 
Tor controlled, powered, heavier-than-air flight. 

(1) Among these 'Stand ou^; such* notablies c^^ Geoi^gfi 

Caylev who constructed the first true mot^l * . 
'glided and John Montgomery and Otto Lilienthal 
who recognized the need for an understaindihg 
of bird flight anjd the controlling of gliders. 
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\e. The late 19th and early 20th centuries saw the 
*** V-9014, pp* TV emergence of the combustion engine. Much of its 
84-88' . ^ development was clouded by history and time. One 
** V-9156, pp r> of the first to build an aircraft and power it 
644-5 . ' with an internal combustion engine was Samuel 

Langley; Secretary of the Smithsonian Institute. 



(1) During the early part of the century we saw 
V-9014, pp 70-71, ■ the dirigible balloon 'or airship competing 
124-125 with heavier-than-air ships for Superiority. 

V-9156, pp 639-40, However, as engine horsepower and aircraft 
. 711-12 'design developed, the dirigible* lost out due 

to the advantages of greater maneuverability 
** V-9002, pp 13-15 and speed of airplanes. 
** V-9005 (1971 ed.) i - 

pp 12-13 f^ The foresight of the Wright brothers in taking 

advantage of all previous research and in finally 
*** V-9014, pp achieving the first successful "controlled," 

85-87, 106-109, "powered," and "heavier-than-air" aircraft flight 
. 114-115 ^ * catapulted us into the aeronautical agel 
** V-9156, pp 645-6 , , . 

g. Physical laws underlying flight 

(1) In this section of our chapter, we deal with 
the principles of aerodynamics and the physical 

^* • > laws that apply to them. The students must 

** V'-^002, pp 38-40 acquire a solid foundation in Newton's Laws 

>** V-9013, pp 43-4 of Motion and Bernoulli's Law of Pressure 

^ V-9065, pp 13-16, \pifferential before progressing further into 
22, 44-5' the subject of aerodynamics. 

(2) In applying Newton's Laws to the principles 

a of flight, we will want to consider velocity 

as the rate of motion in a given direction 

. ^ afid acceleration as the change of rate of 

• motion in a given direction per unit of time. 
The latter two terms comprise Newton's First 
L^w of motion. 

» 

A 

^ (3) In considering the Second Law .which deals with 

^* V-9023I, pp ' force and mass, we think of force. as being 

13-16, 20-24 "power" or "energy" which has magnitude and • 

direction and is exerted against a material 
body in a given direction. Mass is the 
quantity of matter in an object. We can then < 
combine these ideas into a formal statement.- 
"The rate of change of motion' of a body is 
directly proportional to the power or energy 
exerted against this body, is inversely pro- 
portional to the quantity of matter in this 
. b,q<Jy, and is in Xhe same direction as the > 
power or energy exerted against this body." 
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The Third Law - for every action there must ^ 
be an<,equal and opposite reaction^t^^is 
essential in arriving at bur comoosite 'summary 
of Newton's Laws. \ * * 

(5) Bernoulli's discovery of the principle that 
as velocity increases, its presst "e decreases 
is' a primary key to powered combustf1i>le flight. " 
The. latter principle is utilized- in the 
Venturi Tube, an important part of any car- 
buretor. The Venturi Tube is narrower* in the 
middle tifan it is at the ends. The Venturi 
effect'' causes fluid passing through such a' 
^ Jube.to speed up as it reaches the middle. 
^^>^-nTn| results in le^ energy for the eJcertion- 
of [pressure, causing a decrease in pressure. - 
The effect is known as Bernoulli's Law of . 
Pressure Di^fferential . 

5. SUGGESTIONS FOR TEACHING: ' ^ 

\ . ----- . 

a. Suggested time: 1-2-3 (Translation— if you teach two academic 
periods per week we recommend you devote one hour to this sub- 
ject. If you teach three periods per week you could ,devote 
two periods. If you teach four academic hours per we^k y6u 
could devote thr^e periods to the' subject. These "Suggested 
times" are jUst that— recommendations. AdjusfHhe emphasis 
according to interest and talent-rboth yours and the students'.) 

^b. Motivation. Because the' student, has already been exposed to 
aviation history in his first year, you will have to do" some 
stage setting to revive his interest for the initial introduction, 
of the chapter. .If substantial public or school library facilHiei 
•are a';^ailabie, you might establish a book di-splay corner wMch '". 
would cover reading material that would supplement the resource 
material recommended in your key points. Another possibility 
is to prepare a bulletiii board which depicts the historical 
. ' advances in flying craft, but which is also labeled with cAptidns 
to show how these advances have extended the! use of the physical 
• principles of flight relative to Newton's Laws of Motion and 
^ ' Bernoulli 's iLaw of Pressure Differential. v 

c. , In introducing the lesson, you should consider the wealth of 
support materials available for this^text. Xhe 5 minute FAA 
Film "Kites to Capsules" (see paragraph 6 below) would be an 
excellent interest stimulator. If. you are lucky enough to 
have an opaque projector, there are numerous -colorful historical 
pictures In your Reference library books. After you have' 
established-flying\as an interesting subject (which. shouldn'?" 
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be too >»ard,to do) you may effectively ask the studentskto 
cofnpare aviation history to whafth^y have learned in other 
courses. This discussion should include the significance of 
flight^and the development of the principles of flight. Such 
a discussion should etfable you to determine v/hat your students 
already know about -the sub^ject. The student discussion can " 
be effectively sjjjmmarized by recording with th«' students the 
stages which depict the" historical advances. in av>atioi>. NOTE ; 
A pre-test could work well as a m^ns of determining student 
knowledge about this instructional uriit. 

Another good method is to divide the class into groups and have 
each group research, one historical phase. They can relate their 
assignment to the scientific principles of flight when they ^ 
make their report to the class. 

Throughout this instructional unit, thei^e are many excellent 
opportunities to work with other instructors. For example, 
the instruction on Newton's Laws may l>6^best accompXished by 
using the P'hyslcs instructor as ^a guest' lecturer./TM Chemistry 
Dep^irtment should be contacted ,prfor to covering Chapter II. 
For Chapter VI, you may want. to have your students do some 
actual construction, ^he shop and vocational Instructors should 
be able to offer valuably assistance. Under any^ circumstances , 
your instruction should supplement the instruction received in 
other classes on the same subject. • You will "turn pff" your 
better students Ye>y quickly unless you are aware of what they 
have already been taught about ^ the subject. Use their knowledge 
to suBjlement your instruction. 




If at^lNpossible, you should review your plans for the entire 
unit of instruction prior'to planning projects. For example,', 
kite flying would be appropriate fo.r Chapter I or III while 
paper airplanes are an excellent instructional aid for Chapter 
III. These same paper airplanbs can be modified when studying 
aircraft control In Chapter V. If your students have not rrtade 
model aircraft in AE-I, constructing models either for Principles 
of Flight in Chapter. Ill or Aircraft 'Construction In Chapter VI 
would be appropriate. 

Parts I and III of the FAA History of Flight series (see para- 
graph 6 below) should definitely be considered for this chapter 
in the event that your students did not see them In AE-I. * 

The Theory of Aircraft Flight uni't of instruction can be quite 
a Challenge to many of your students, but It should a>s6 be 
one 'of the most fun coiiVs^s^ As your grandmother used tS say, 
"Why does man want to fly anyway? He should ^tay home and 
watch TV like God Intended." ' ' 
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The "next time the class meets, I would suggest you first dis- 
cuss the. physical laws affecting aerodynamics. The Physics 
instructor may assist you here. .Following a discussion of th^ 
basic^f light concepts, you could have your project committees 
take over and relate their findings p the class. Afterward, 
be sure to summarize with^the classc \he key understandings 
that were derived from tii'is chapter. 



j. Answers to Chapter I Questions: 

(1) Greeks (12) 

(2) Birds fly and man . 

does not (13) 

(3) Leonardo da Vinci ' 

(4) ^ Smoke * (14), 

(5) Stability and Steering 

(6) John Montgomery^, Otto 
Lilienthal (15) 

(7) • (b) being one. of the 

fiVst to build an inter- 
nal combustion engine' 

(8) More control, more 

. '^wer, higher speed 

(9) True 

.(10) (answer r page 8 of . 

; text) * (16) 



Rate of motion 
direction 



in a given 



More energy is used up as 
the molecules accelerate, 
thus reducing the pressure 

False - Aviators should un<^er- 
stand the pi^inciples of flight 
which contribute to safety 
and, efficiency ^ 

Lift - the upv(ard force 
exerted on a balloon or air- 
-strip; Weight - tfhe force 
with which a body is attracted 
to the earth;, Thrust - the, 
driving force exerted on any 
aircraft; Drag - a resistant 
force *exerted In a direction 
opposite to the direction 
of motion and paralleVto 
the air ;^tream 

True 



(n). 30 pounds (17) False - 

k. Student text assignment': i^ead pages 1 - 12. * 

6. INSTRUCTIONAL AIDS . .. - ' ' ' ' . , 

a. Films ( NOTE : Asterisks denote filni rating, e.g., *** = excellent,, 
** = good, * = fair-or pqor) * • * ' • 

(1) usAF ■ ' . ' 

SFP 506 Air Power -^Fools , Daredevils and Geniuses , 27 min., 
B&W, 1957 (This is a better aid for AE-I, but , 
effective if not al ready- shown) . *** 
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SFP 1222 High Flight . 2 rain., coloV, 1963. *** 
TF-1-5300 Beyond the Stick and Rudder . 14 min..<^W. 1959. 

TF~1 -4805 How an Airplane Flies . 26 min.*,B&W, 1953 (Uses 
old aircraft and' not too interesting - preview 
before showing) . * 

(2) FAA 

FA-905 Kites to Capsules . 5 rain., color, 1969. *** 

'FAN 105 History of Flight - Wright Brothers - Part I . 
28 min.,^&W, 1971. *** ^ 

FAN 106 History of Flight - Wright Brothers. - Part II . 
28 rain., B&W, 1971. *** " 

Transparencies ^ v 

V-1008A Forces Acting on an Aircraft in Flight 

• V-1/030 Things at' Rest (Units activated after 1971-72 will 
^ not have 1030 and 1031) 

V-1031 Things in Motion 

Slides 

V-0086 • Slide 12 (NOTE : The nar^iative Sbd 
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slides from series V^^lOl 
• V-0087 ^ Slide 4 may be appropriate for parts 

of this Chapter depending on 
d. Miscellaneous ^ , your plan of approach) . 

(J) Demonstration Aids for Avi^tioVi Education , compiled by CAP 
and reprinted by FAA, has some outstanding ideas for in- ■ 
structional aids. The ideas will be- useful throughout this' 
unit of instruction. This publication was diswibutfed to. 
all AFJROTC units. \ 

(2) Most school libraries will have resource picture files that 
Tan be used to heflp you or your students prepare your bulle- 
tin board. It alfo is aidvisable to alert your students 
to bring in materials in order to build a resource file. 

^(NOTE: Some instructional aids will be listed for more 

than one chapter as they are appropriate as Support 
in several areas.) ^ 
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• PROJECTS: 



a. See page ll- of the text. 

bV Rather than just reporting on the historical advancements of 
V-Qight and their relations to the principles of aerodynamics, 
your students should be encouraged to make mobiles .and mock-ups' 
under the guidance of their ar/ and industrial arts teachers. 
Be 5lrre to coordinate with th/se staff memtjers early .enough so 
that they can integrate their planning and acquisitipn of material 
with yours. Students should be encouraged to make materials for 
overhead and opaque projection when presenting their projects 
to the class. 

c. Have each student report on at least one example of how Newton's 
Laws apply to students' in everyday. 1 ife. 

d. Find out rR there are any members of the "Early Birds" or the 
"99s" in y;5ur area. They would be outstanding guest speakers. 

e. Build a Forces of Flight demonstration model. Merely make a 
square wooden frame. Cut out a side view of an airplane, 
and suspend it with rubber bands inside the frame. 




f* The December 1913 issue of Flying magazine has Orville Wright^s 
own account of the Wright Brothers' f(rst successful power-driven 
flight. Perhaps some of your studenrts could locate this through 
the local library. 

g. Build a model to demonstrate Bernoulli's Principle. (Also shown 
in the CAP booklet Visual jCommunicatioas System by William J. 
Reynolds.) Using string, suspend two ping ponq balls from a 
heavy wire. Using a straw, blow between the two balls and they 
will come together. By building a frflinej^..feHtr^vice can be usfed 
on the overhead prajector. < \ 
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8. FURTHER REAfflNG: 



a. See page' 11 of the text. 

b . Aerospace Historian magazi ne . 

c. Flying magazi ne^. - ' 

d. Skylights . Published monthly by the (National Aerospace Educa- 
tion Association, 1100 17th street, Ntf, Suite 312, Washington 
DC 20036. ^Furnished to all- members of the organization as a 
part of the* annual $10.00 membership fee. It includes articles 
on aviation aad aerospace developments and events. 

e. Your Aerbspace World s 1974^ CAP (available through Bookstore, 
National Headquarters,' CAP, Maxwell Air Force Base,- Alabama 
36112). 



t 
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IDEAS FOR IMPROVEMENT OF THE TEXTBOOK AND/OR INSTRUCTOR'S GUIDE 
AND TEACHING TECHNIQUES MOST EFFECTIVE FOR THIS CHAPTER. 
. TO BE COMPILED AT END OF TEXT AND SENT TO JRC 

THEORY OF AIRCRAFT FLIGHT ' 
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CHAPTER li - PROPERTIES OF THE ATMOSPHERE 

This chapter approaches flight* from a different angle. Hei^e, 
the student learns about the rtedium^bf flight - the atnx)sphere. 
The essential physical characteristics of the atmosphere are 
sketched so that* the student wm^ba abl? to understand -sub- 
sequent sections of this unit. • 

1- OBJECTIVES: 

a. Traditional - Each student should: 
» (1) Be famijiar witH the compositiorv of the atmosphere. 

;(2) Know at least four physical properties of the atmosphere. 

b. Behavioral - Each s'tudent should be able to: - ^ . ^ 

(1) Describe tfie atmosphere. 

(2) Identify ^ome of the features of the atmosohdre's layers. 

(3) ^ Discuss aft least four physical properties of the atmosphere. 
2. SUGGESTED OUTLINE: . , * * 

a. The atmosphere:^ what is it? , . ^ 

(1) Body of air which surrounds earth, 
(a) Consists of different layers, shells or spheres. 

(2) Definition of air - Mixture of gases in the atmospher'e. 

(a) Nitrogen - 78.095^ * , ^ . — 

(b) Oxygen - 20.93% _ * I 

(c) l^emaind^r - numerous substances in minute quantities - 
^.includes argon, w^^er vapor, CO^,,dust, smoke^^etc. 

' • " I ' - * " . 

b. Structure and composition of atmosphere as it affects flight. 

(1) TropoSphrere. 

(a) Lower layer, 5-10 miles thick. 

Cb) *The sun-warmed earth'^ as a source of heat. 

(c) Most aircraft flight takes place .in this zone from 
the surface to 26,000 feet at the poles and to 52,000 
' feet at the equator. 

ERIC . 



■ FEBRUARY 1975. 

Td) This zone contains over 80% of our air (by weight). 
Molecules here cause more resistance to flying 
aircraft (drag) than in, any other zone. ^ 

(2) Tropopause - Narrow border zon^ between the if^op^sphere 
and the stratosphere. The jet stream {a hi^i-spe^d, globe 
circling^ind with 100-300 miles per hour windij i|s located 
at or near the tropopause. 

(3) Stratosphere. 

(a) Zone which extends from the tropopause to about 264,000 
feet above the earth's surface. 

/ 

(b) Fairly constant frigid temperature in lower sections. 

(c) Air is thinner in this region, so an airplane encounters 
^ less re'sistance from the air. 

(4) Ionosphere - upper atmosphere. ' 
(a) Contains few particles of ain 

\b) Breakdown of gas particles because of electric discharges 
Physical properties of the atmosphere. .V^'^ 

(1) Air is matter. 

(2) Matter has weight and occupies space. 

(3) .Air occupies space* ^ . 

(4) >Air is a 'fluid. 

(5) AiV is compressible. 

(6) ' Air exerts pi^essure. ' • 
(7j Pressure - force per '«in it. area. ' 

, • (a) Force - measured in ^pounds. \ ;. 

• , ' : ■ ■'■ \' ' ,1 J 

■ (b)^ Air pressure - measured in pounds- (of llorce) 
per- square inch (of surfaoe area). 



(-8) 'Tx)rrice]li - Experimeni/s with liquid mercury, 

(a) Obs«rvfed,that air pre's sure (shown'^by rise and fall of 
, ' mercury .in a, tube) changed as the weather changed. 
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(9) Standard pressure - amount of atmospheric pressure 

necessary to raise a column of mercury to 29.92 inches. 

(10) Absolute pressure - pressure measured by means of a column 
of mercury. 

(11) Relative pressure - reading relative to existing outside 
pressure. 

(12) Density -^mass per unit volume. 

# 

(a) Unit of mass - slug^ 

(b) Density decreases as height increases - the higher you 
go' the less dense the air is. 

(13) Air holds, varying amounts of water vapor. 

(a) Water v^por is water in a gaseous state. 

(b) Water vap6r weighs about five-eighths as much as, a 
similar amount of air. 

(14) Increasing the temperature of air decreases its density if 
the pressure is constant. 

(a) A given volume of hot air weighs less than the'same 
volume of cold air, 

ORIENTATION :^ * . * ' ^ •* 

a. Thts chapter unfderlines the importance of the atmosphere as a 
primary factor ^affecting the flight bf aircraft. Much of the * 
material is simply a review of njaterial covered in AE-I. 

b. It is^ important for the student to become acqu^nted with the * 

composition and physical properties of the atmosphere in order ^ 

to comprehend the problems encountered by aircraft, pilots, and 

passengers as they\ pass through the atmos^ihere at various levels. 

« 

c. Knowledge of these properties will improve the student's chances 
of understanding hpw planes flylwhen they progress to more complex 
subject matter dealing^ with tde theory of flight in subseqbent 

V chapters. 'I • \ 

\ ■ - 

SUGGESTED. KEY POINTS: 

\ ■ ■ 

-a. ^ understanding of the atmosphere relative to its 
V-9002, pp characteristics and elements of composition is an 

40-41 important factor*in flight.* We learn that the body 

V-9005, pp ' 'of air which surrounds the earth consists of different 
,99-100. layers or shells. 
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b. Air is a mixture composed of several substances. 

***V-9013, pp 8-12 Nitrogen accounts for 78.09% of air; oxygen for 

*V-9107, pp 1-3 20.93% and approximately 1% argon, hydrogen, 

**V-9156, pp 198-9 carbon dioxide, carbon- monoxide, and minute 

**V-91^76, pp 12-13 quantities .of rare gases such as helium, krypton 

*V-9013, p 4 and zenon make up the balance. 



**V-9107, 
**V-9187, 

**V-9013, 
**V-9107, 
221-222 
**V-91S7, 
m 1-7 

**V-9013, 
**V-9107, 
221-224, 



PP 1-3 
p MET -2-3 
c. 

10-11, 
1-3, 



PP 
PR 



PP 



PD 



d. 

10-11 
1-3," 



227 



**V-9013, pp n-15 
*V-9107_5ji5p 1-3 



up 

(1-) Air at low altitudes also contains varying 

amounts .of water vapor, smoke and dust particles 

The composition of the atmosphere varies in different 
layers. The, troposphere, which is the lower layer,' 
is five to ten miles thick and contains over 80% 
of the air molecules. " These\molecules offer the 
greatest resistance to flying aircraft (drag). 

Between the troposphere and the next layer, we have 
a narrow border zone knoWn as the tropopause. The 
jet s.tream", which is a high speed globe circling 
wind acfaievi-nq speeds of from 100 -to, 450 mifes iin 
houn,is/at or near the tropopopause. 

Above the tropopause we enter the stratosphere which 
extends approximately ten to 55wTiiles above the 
earth's surface and has fairly cwisM'nt frigid 
temperature in the lower sections. Y 

* ^ * 

(1) The air is thinner in this region of the 
atmosphere artd aircraft encpunter less 
resistance from the air. 



f. The upper ^itniospheric layer is known as the ionsphere 
**V-90l3, pp 12-13 ^ and contains very few particles of air. The few 
' * ' * particles found in this region ^re ions (chay^ged 

gas moletules)i which give us electrical manifesta- 
tions such as the Northern Lights. 

* ' 1 

To date, of all the layers of t>]e* atmosphere , the 
troposphere is nibst important because most aircraft, 
fly within, this zone and most weather occurs here. 

Air, a name conveniently used for^ atmosphere, ha§ 
several important physical characteristics: it ife 
matter; it^ls -a fluid, it is comprS|ible; it ex^ts 
pressure; ft* can hold vary inq amoun^of water vapor; 
and 1t is ^affected by changes in tehiperature. V 

The weight ofiair and, its density varies. At normffVr 
sea level the.^Rressiire is approximately 15 pounds 
per square incih. As you clirab upward In the atmosphere 
the air becomes colder, thinner and lighter and at 
\18,00P feet the pressure yi^only half of that ^ 
found at sea level. * - ' 
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(1) These variations in atmospheric .pressure affect 
***V-9187^ pp MET-7-10 pilots, passengers, engines, and the plane 

itself. 

/ (2) Decreased pressure has a definiti effect on 

/ ^ takeoff s and landings, rates of climb, air 

/ . speed, and , fuel consumption. 

• 5. SUGGESTIONS FOR TEACHING: 

a. Suggested time: 1-2-^3 (Translation— if you teach two academic 
periods per week. we recommend you devote one hour to this sub- 

-f ject.^ If you teach three periods per week you could devote 

two periods. If you teach four academic hours per week you* 
could devote three periods to the subject. These ^"Suggested , 
times" are just that— recommendations. Adjust the emphasis 
according to interest and talent— both yours and the students \) 

b. Much of this chapter is^ review of Aerospace Environment. You 
* should know how extensively you have already covered this material 

and adjust the emphasis acfcordingly . 

c. Science or Chemistry teachers may already have covered this 
material in their classes. As you discus's your instruction plans 
with them, they should be able to offer several addit'fonal ideas. 
Also, if you decide to conduct any of the numerous experiments 
available, you will undoubtedly waht to borrow matei^ials and \ 
supplies from the 5Nence Department. ' 

, d. Demonstrations of the properties of air are very effective. In 
addition to the ideas listed ifi the resources for^this chapter ^ 
you can (1) place partially inflated ball9or>r over the tops of. 
two pop bottles, place one bottle in ice and the other in hot . 
water; (2) submerge an inflated balloon in water, (3) demonstrate 
'different fluid densities by dropping m0rcury into a beaker of 
water; (4) relea$e two* balloons - one filled with helium and ' 
the other with air;"and^(5) place an uninflated balloon on one 
side of a balance scale and an, inflated balloon oh the other. 

e. Answers to Chapter II Questional - • , ' ' 

(1) Atmosphere C^) ^ True 

' (2) Troposphere, strato- .{10) d. all of the- above 

sphere, and ionosphere ^ - ' 

OR lower atmosphere, (11) Substances which may be made 
middle atmosphene, to change shape or to flow 

" and upper atmosphere . by applying pressure to them^ 

V (3) The mixture of gases (12) Pressure ... 
'in the "atmosphere ^ 



(4) Oxygen 

(5) troposphene or 
Tower atmosphere 

(6) The tfopopause 

(7) 10 to 55 
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(13) Air p^jessing on -the mercury 
in the dish balanced the 
weight .of the mercury in 
the tube. About. 30" 

(14') false (you are measuring 
relative pressure) 



(8) Ionosphere or upper 
atmosphere 



(15) Less 

(16) Less; lighter , ^ 

(17) Increases 

Student text assignment: read pages 13 - 23. 



6. INSTRUCTIONAL AIDS: 
/ , a. Films : 



(1) .FAA: FA-603A Density Altitude . 29 min. coljor. 1966. -*** 

-' • . ♦ 

(2) See pagers 18 - 19 of\-9175c and Vr9176c-. >, ' 

b. Transparencies: , . • < • ' 

(1) V-1 026 Air STows Satellites - > 

(2) V-1 034 Regions of the Atmospjiere 

J Units activated after 1971-72 will not have these items) , / 

c. Slides : , ' . • - 

• I -- 

(1) FAA AP-1 "The Atmosphere," 58 slides with a 23 min. - 

sound- tape, 1965. 

(2) Vr.0087 Aircraft in Flight, slides- 1 and 2. " • 

d. Miscellaneous: ^ , . 

( 1 ) Demonstration Aids for Aviation Educat,ion" , CAP , " " 
' pp 2-8, 21-^33. 

(2) V-9176, pp 9-13, 23-37, 48-53, and 61-63. 

(3) Most encyclopedias contain ideas for experiments to " 
demonstrate the various properties of air. 

7. PROqECTS: ' ' 

, a. See p^ge 22 of the text. 
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b. Have your students devise and perform additional experiments to 
demonstrate the properties of air. 

8. FURTHER READINGS: » - 

7 ■ ' 

.a. See page 22 of the text. \ ' - 

b. Aircraft in Flight . .CAP. 

* 

c. Most encyqlopedias have excellent sections on this subject. 
Many of them such as Comptoh's and the World Book- also include 
excellent suggestions for experiroents'and demonstrations. ~ 

d. Your Aerospace World . 1974» CAP. 
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IDEAS FOR IMPROVEMENT OF THE TEXTBOOK AND/OR INSTRUCTOR'S GUIDE 
AND TEACHING TECHNIQUES MOST EFFECTIVE FOR THIS\ CHAPTER. 
TO BE COIiy'ILED AT END OF TEXT AND "SENT "TO JRC 

• THEORY Of AIRCRAFT FLIGHT 
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CHAPTER III - AIRFOILS AND FLIGHT 

This chapter is perhaps the most cri^tical section of the entire 
unit. Chapters one and two have introduced the student to the 
physical laws underlying flight and also to selected physical 
properties of the atmosphere. This chapter then relies on this 
physical orientation to explain lift. An examination of the . 
airfoil precedes a discussion of, the interaction df wind and 
wing. The Venturi tube's evolution into the airfoil concludes 
the discussion of the generation of lift. "The last section of 
the chapter discusses the ways in which lift can be varied. 

OBJECTIVES: • ^ * ' 

a. Traditional ^ Each student should: *. ' 

(1) Know the basic elements of ai^ airfoil. - ^ 

(2) Know the djff-erente between pres^swre^difiFerential and impact 
lift. . 

(3) Know how lift can be varied and what happens as a result. 

(4) Understand >the relationship ot It^ to the physical principl 
and properties, of the atmosph/^^. 

b. BehavipraV Each student should be able to: ) \^ 

(1) Describe at least three of the basie^ elements^ on(qj^ airfoil . 

(2) State the differences between pressure differential^ and 
impact lift. 

(3) Discuss how lift^^can be varied and describe what happens' as 
a result. ^ 

. .(4) Rel ate lift to the physical principles and properties of 
the atmosphere. 

SUGGESTED OUTLINE: ^ 

a. Definition of the term ''airfoil" . - • 

b. Study of airfoil design * ' 
^1) Use of the wind tunnel to study airfoil design 
(2) ^Elements qf an airfoil (leading edge, trail ing'^dge, chord* 



and qamber) \^ 



/ 
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c. Relative wind and angle of attack 
^ . .. • 

(1) Anqle of Incidence . . * 

.(2) Attitude. < • * *. . 

•* *d. Lift • . ' . ■ ■ 

(1) Bernoulli's Principle . ( 

(•2) Newton's Third Law - imwct lift / \ r 

^(-3) Total lift ' • 

•e, Variables affecting the amount of - lift generated 

(1) Angle of attack ' * 4 ' 

• " (2) Speed of relative wind , . 

(3) Air density ^ • . • . > 

(4) Airfoil sbape ' ? • 

(5) Wing 'area - ^ * ' . 
.(6) Airfoil planfonns , - 

(7) Devices' such as flaps', slots, and spoilers, 
3. ORIENTATIi)N: • 

a. This phase is based on the physical laws developed in Chapters 
One and Two. Newton/s Laws of Motion and Bernoulli's Law of ' 
Pressure Differential are the steps leading to an understanding 
of the airfoil's ability to move through the air and generate • 
enough lift to support\the weight of the aircraft in flight. ' \ 

b^. ^Lift variables, either from design or under pilot control, are 
discussed. These variables have magnitude and cah'be calculated 
mathematically. It is up to you to recoqnizfe the math ability 
levels of .your students and either go into problem solutions in 
depth,, or'to stay at a lower ability level. You may want to 
challenge your better students by using contracts or some other 
: individualized technique. • ' 

c. An understanding of this *cb«pter is important for the student - 
because the next chapter deals with the other three forces acting 
on an aircraft while in fjight.-" •• ■ -r^ 

' 1-20 
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4. SUGGESTED KEY POINTS:' 

The term and concept of "airfoH" are Important and 
*V-9065, pp 13-18 must be understood. It is more than just the wing 
***V-9n8, (3rd ed.) of an aircraft. It includes any part of the aircraft 

pp 38-54 < that is designed to produce lift. 

**V-9156, pp 14-16 

b. The wing is the primary airfoil that lifts the air- 
^ craft in flight. In the clgssign of airfoils, cross- 
sectional profiles are usem Both curvature and 
thickness are necessary to'T^ve an effective airfoil. 
T6 better understand these designs, it is important 
H that the student understand the parts of an atrfoil. 

^ (1) The leading edge is the portion of the airfoil 
that first meets or bites the air. Its actual 
shape is determined by the. purpose for which 
the airfoil will be used. It may be blunt for 
slow moving aircraft or very sharp for high 
speed aircraft. 

(2) Tie trailing edge is that portion of the airfoil 
over which the air passes las^. It is the edge 
where the airflow over the upper surface joins 
the airflow over the lower surface. When these 
two streams of air rejoin, the upper stream 
resumes the same speed as the lower. The 
trailing edge will take on an added dimension in 
Chapter IV when the, supercritical" wing is dis- 

. cussed. 

(3) The chord of the airfoil/ is a reference line 
from which the upper and lower contours of an 
airfoil are measured; It is simply an imaginary 
straight line drawn through an airfoil from its 
leading edge to its trailing edge. This line 

is used as the reference ]ine in'measuring camber 
or curvature of the airfoil. 

/ (4) The camber of the airfoil is the amount of 

curvature of the upper or lower surface with 
respect to its chord. The curve of the upper 
surface is referred to as th6 uoper camber, and 
the curve of the lower surface is referred to 
. . as the Jower camber. Usually the lower camber 

has less curvature than the upper camber, and 
it is this difference in curvature that leads 
to an increase in air speed over the upper sur- 
face of the airfoil, and a resultant decrease 
j'* • in 'pressure (Bernoulli's Principle). 
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c. The example of the student's hand out the car window ' 
• is used to explain relative wind. At tf^s point it 

is npt important that the lift is primarily impact 
lift. The important factor is relating this knowlfeldge 
^to an airfoil mdvin^ through air. The airstream flow- 
ing around the hand (airfoil) is termetlfthe relati ve 
f wind. It is not air in motion. It is tihe motion of 

***V-9002, pp 55-6 the aircraft through the air that produces it. This 
Y*V-9047, pp 76-79 wind always appears to come from a point \Jirectly 
**V-9089, pp 45-48 in front of the path of flight of the aircraft. There- 
***V-9118, pp 39-44 fore, the direction of the relative wind is controlled 
**t?-9156, pp 16-19 by the pilot, as he controls the attitude or position 
24 of the aircraft. The attitude of the aircraft is its 

***V-9157, p 69 position in relation to the horizon. The pilot can 
**V-9162, pp 5-6 change the angle at which the leading edge of the 
**V-9166;^ pp 2-7 airfoil attacB^the wind. This angle between the 
**V-9167i pp 9-15 chord of the airfoil and. the direction of the relative 
***V-9187, pp AB-2- wind is termed the angle of attack . As the pilot 
TO • increases the angle of attack, the lift also in- 

creases, as long 'as the flow of air continues to 
be streamlined. It is not necessarily important . 
that the students understand attitude and angle of 
incidence, but it is very important that they under- 
stand tiiat-the aircraft can fly with a nose high 
attitude resulting in a large variance between 
relative wind direction and aircraft attitude or a 
very high artgle of attack. Referring to the paragraph 
on page 30, it may help to point out that a 'climbing 
^ aircraft with a nose high attitude couldTiave a 0® 

angle of attack, but the same attitude would result 
in a very high angle of attack if descending. Of 
course the relative wind would be different for all 
three examples. . ' ^ 

d. Remember^ that air is a fluid and that Bernoulli's 
**V-9002, pp 61-54 Principle applies in fluids; "As the velocity of a 

fluid increases, its pressure decreases." Since 
*V-9118, pp 32-33 the airfoil acts as part of a Venturi tube, the 

pressure above the airfx)il is less than the-pressure 
***V-9156, pp 11-15 below the .airfoil; and as a result, the airfoil is 

lifted or raised. The camber of the upper part of 
**V-9162, pp 4-5 the airfoil causes the air passing over this part 

to travel at a greater speed than the air flowing 
past the, much smaller camber of the lower part of^ 
the airfoil.. The greater speed of the upper alrstream 
results in the lower pressure above the airfoil and 
its resultant lift. This particular lift force is 
dueHo a difference tn pressure and is termed a 
pressure differential lift . This lift acts in a 
direction opposite to gravity. and perpendicular to 
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the direction of the relative wind. As this, lift 
is being developed by the movement of the aircraft 
through the air, some of the airstream strikes 
against the underside of the wing. This air is 
deflected downward, and according to Newton's third 
law* that to every force there is an equal and 
opposite, reaction, the resistance or inertia of 
this air exerts a lifting force. This impact lift 
varies with speed and angle of attack. Normally 
it is muph less than pressure diff-erential lift. 
The twd types of lift combine to produce total lift. 



e. The pi 



***V-9002, pp 55-58 
**V-9118, pp 38-42 



ot must be able to control th^ two types of 
lift acting on. the aircraft. As mentioned earlier, 
the pi]ot^controls angle 'of attack. As he changes 
this artgle, he changes the amount of lift of the 
aircraft. Mathematically all the lift forces can be 
added together and the sum of these forces is termed 
the resultant . This resultant has magnitude (size), 
direction and location. The point where the re- 
sultant intersects the chord of the wing is termed 
**V-9156, pp 20-22 -the center of pressure (C/P). As the angle of 

attack increases, this center of pressure is moved 
forward and the lift increases until the burble 
point, is reached. The- burble point is the angle of 
attack where the streamlined flow of air begins to 
break down $nd become turbulent (burble). As the 
burbl.ing Increases, the amount of lift generated 
■•s no longer sufficient to keep the aircraft airborne, 
This point is termed the stalling point , and the air- 
craft begins to descend. ' ' 



f. 



***\^9018, p 43 



V-9018, pp 41, 
54, 56-57 



Other key factors that affect the lift generated by 
an aircraft: 

(1) The actual lift is directly proportional to 
the density of the surrounding air. It is 
proportional to the speed of the^- aircraft as 
well as the area of the wing. The denser the 
air, the greater' the lift, all other factors 
being equal. 

(2) The aircraft outline viewed from directly above 
or below is called a pi anform . 

(3) The planform of the wing allows us to Ineasure 
the aspect ratio . This is 'the span of the wing 
divided by the average chord of the wing (or 
the wing span squared divided by total wing 
area). Usually, the higher the aspect ratio, 
the more efficient the design of the winq. 
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(4) Flaps are devices for changing the camber of 

***V-9002, pp 65-67 " the wing*. This can be done while in flight. ■ 
***V-9089, pp 50-51 . . 

***V-9118, pp 63-64, 74 

*Vr.9T67, pp 24-27 (5) Slots are moveable or fixed sections of the 

leading edge of the airfoil . They also change 

**V-9002, pp 67-68 camber and are used to smooth the airflow at. 

J **V-9n8, pp 65-66 high angles of attack. 

* (6) Spoilers are small surfaces either recessed 

into the upper surface of the airfoil or 
pemi5|iently fixed in a certain position! When 
raised, they "spoil" the airflow. and lift i^ 
reduced. They may be rather large at the trail 
' ing edge and when raised serve as "air brakesj" 

5. SUGGESTIONS FOR TEACHING: " ' 

a. Sug'^ested time: 3-4-5 

/ b. In general, students should be interested in wh^ and how an 

aircraft canj'ly. One methpd to coniider is the lecture d1s- . 
cussion me thna whereby students with some knowledge of aircraft 
flight can be/encouraged to. list kno'^n f^cts on the chalkboarjd.^ 



One introducffory question could be. 
Another, to lead into a study of the 
most critical part of the aircraft?" 



•why does an aircraft fly?!' 
airfoil, is "what is the 



c. Students could be asked »to construct paper airplanes, then f1/ 
them so that design difference' can be analyzed. Model airplanes 
paper airplanes, box kites, regular kites"- all cap Be used by 
the instructor and students to demonstrate the key concept of i • 
what an airfoil is and what parts it contains. 

d. Panels could be set up by the instructor using ^^the above models, 
to help illustrate the factors affecting lift. 

e. Student oral reports could be presented on such key items as: 

(1) UseJ)f the wind tunnel ' 

(2) Shapes of airfoils ■ 

(3) Importance of the angle of attac1< , ■ f . 

(4) Burble point and stalling point „'. 

(5) Flaps, slots, and spoilers 

f. Depending upon the ability and needs of the students, you may . 
want to construct some math problems concerning changes In soihe 
of the lift variables^ The solving^of these problems woul<l give 
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the students a practical working knowledge of these factors, 
The physics instructor may be able to help you construct 
these problems. Aspect ratio problems can be devised easily 
by substituting different numbers in the formulas on page 38. 

Refer to Figures 16 - on page,.34 of the text. Your sharper 
students may Question the statements concerning climbing with- 

' JiiLLn JEf^l? "^^^5^ pictures were drawn 

showfng the flight conditions at the instant the situation 
happened. Obviously the relative wihd would change to one 

tr'?,'nu!!^'^a"'^f ^" "9ures 17 and 18. The conditi 
in Figure 19, if allowed to persist would result in a rapid 
descent. You can test your students' knowledge o=f relativfe' 
wind by asking .them what would happen to relative wind in each 
instance. 

"V/hile there are many excellent audjovisual materia.fs available 
3^!!;'?''°^^ ^^^^ chapter, you can supplement them by making * 
additional transparencies or models. Plans for a wind tunnel 
n.n?i7^"* M.,"??'^ o^erhe^d projector can be fourid^on 
page 17 of W .l 1am j. Reynold^s ? VCS, Visual Comnunicat.lnn. . 
Systems published by CArand reprinted by'^FAA. If you are 
unable to .get dry -ice, fasten long threads tp the inlet end 
of the wind tunnel. The\ threads will also d.emonstrate air 
now visually on the overhead. There may be shop- students 
looking for tjust such a project. " • . 

• ^^.f^'a'^s of the Theory of Aircraft Flig ht .Workbook 

•(V-7201W) will .serve as an^ excel lent -irtstructional -aid and 

as an introduction to Chapter IV. . , . 

. Textbook, correction: "is" on page 29 should not be boldfaced. 
AQ^swers to. Chapter III questions: 
(1) airfoil -(.IS) jrue 

False . (16) (d) all of, the above 

^(3) True (17)1^^^ 

. (4) leading edge, trailing (18) magnitude, direction' and 
edge, chord, and camber location 



(5) more 

(6) , trailing edge 

(7) chord 

(8) the characteristic 
curve of an airfoil 's 
upper or lower surface 

» . ■ ^ 
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(19) the point of intersection of 
\ the' resultant and the wing , 

chord I 

(20) (d) alj of the above 
{2U fonward 
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(9), relative wind • (22) -It decreases 

* * * * - ' . 

(10)'. False" , . ■ (2?) stalling point' ^ 
, (IT) (d) attitude . (24) directly 

(12) the .force which acts (25) greater > 
perpendicular ta the . , ' * . ' . . 
relative wind in ai> (26) greater" 

upward direction or , . 

the opposite of Weight. (27), planfonn.- 

(13) impact / ^ ' ^28) statement of the relation-- 

, , * , .ship betweerf *he length ahd - 

(14) tatal lift ^ width'of -a vlfng . ! : . 

. ■ (29) >alse . ' 

» , ■ V . .- ' ■ 

' (30)- a. 2 b. 3 , c." r ' 
l/ Student t^t assignment-: read, pages, 25 - 44.'. ', . .'.''•■** 
INSTRUCTIONAL AIDS" ' " . ' ^. ' ' 

a. Films; ' - ^ ' , > 

(1) USAF 

.TF-1-0160 Aerodlynamlcs > Air Flow , 18 fflin.; BiWv 19^^!/ 

, ' TF-1-0161 Aerod.vrtamics ^ Forces Acting on an AirfotU ' 
26 min., 6iW, ' ^ — "' > ^ r 

< TF-l-4804 How an Alrgiane nies . -26 mtn.VBSW, T953 (see 
note in Chapter I of this handbook). * • ' 

TF-1-5300 Beyond the Stick and Rudder , Hfflin.. B&W. 
1959! '• 

TF-5521 Flying thg-^ept Wing . 24 mtn., cbldr/196^. ** 

(2) FAA ' ' . • * 

J ■ ' . 
FA-70§ How Airplanes Flv , IB.mfn., colon 1969. . *** 
(might be better saved until Chapte»* IV 
^or used , -as a 'transition) 



b. Transparencies ^ • • ' , ' 

V-1001 Airplane Components 
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V^]003 Wing Structure . 
V-'T005A Lift 

V-1O0SB Airflqw Across Wings • . • 

* 'V-1063 Part's of an Airfoil • • ' 

; V-1065 Forces of Flight (Lift) " ' ' 

c. Slides - . ^ ,. 

V-0087 Afrcra'ft in Fliflht - slides 3 thrbiigh 7 and ' 
. , 9 tfrroujgh 11 • ■ * 

d. Film Strips - • " 

Film-strip No. 1, "Lift and. Thrust'.' from the 0AM Handy film- 
strip series " Aircraft - Their Power ahci Control . These can 
be purchased individually <$15.00 each) or as a set, with 
, cassettes {#JH5960FC', $90.00) jor records '(#0H5960FB, $84.00) 
' from; Scott Education Division, 104 Westfield Roa<C Holyoke, 
MA 01040. ,Uhey are highl/'V^commende.d and shotfld be pur- 
chased through your -school library); :, - 

e. Miscellaneous " ^ - 

(1) = Demonstration Aids for Aviation Education , pp 11-13. 

. -(2) Activity cards 1, 2, 3, and 6' which are furnished with ' 
. the JAM HANDY materials citad in S.'d. above. 

' ^ • > 

(3) Battery Powered Cessna 150 Flying Model - available from: 
Cessna Aircraft Company, Air Age Education Department, 

P. O.'Box 1521 ; Wichita, Kansas 67201. 

• «. ' - 

(4) . VFR Exam-O-Grams, 17,/ 27; and 47. A free set of Exam-0- 

Grams may be obtained from: FAA Aeronautical Center, 
' Flight Standards Technical Division Operations Branch, 
P. 0'. Box 25082, Oklahoma City, Oklahoma 73125. 

PROJECTS : 

a. . See pages 41 - 42 of the' text. 

b. Use the'reverse cycle-on a vacuum' cleaner and a ping pong ball 
to, demonstrate lift.," Once the ping pong ball is suspended, 
■you should be able to put the air stream at an angle and the 
lift will keep the ball aloft at an angle. " , V 



» 



^ ■ 
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« 

c * Demonstrate lift by placing, a spool on top. of a piece of paper 
and inserting a pin up through the paper in^to the spool hole. 
As you blow through the spool, lift wilT keep the paper on the 
bottom. Challenge some of your strongest boys to blow -the 
paper off. ■ - • 

FUfTTHER READING: " ' ' 

a. See page .42, of the text. 

b. V-9198 ■ ' 

c. Aircraft In Flight , CAP 

d. Aviation Week and Space Technology 

e. - Flytng' magazine 

f . * The TUSC News Tsublished by technology Use Studies Center, 

Southeastern State College, Durant,"bkl ahoma 74701 (all 
AfJROTC units are 'on their mailing list). • 

g- Your Aerospate World s 1974-, CAP. 
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IDEAS FOR IMPROVEMENT .OF tHE TEXTBOOK AND/OR INSTRUCTOR'S LiDE 

. AND TEACHING TECHNIQUES MOST EFFECTIVE FOR THIS CHAPTER. 
s> • . TQ BE COMPILED AT END OF TEXT AND SENT TO ^RC 

THEORY OF AIRCRA'fT FLIGHT ^ 
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CHAPTER IV -4fIGHT, THRU3T,' AND DRAG 



This chapter explains the other three forces acting on an 
- aircraft ip straight, level, and unaccel era ted 'flight 
After the student understands all the forces ajrting on an 
aircraft in straight, level, and- unaccele>*a ted' flight, he 
can then move on to' examine the three-dimensional aspect 
of aircraft flight. > ' 

OBJECTIVES;- . . . ' 

a; Traditional - Each student should: 

• (1) Know-how the "balance of forces" keeps an aircraft in 
-the air. • » 

(2) Know how Newton '5 Third Law accounts for thrust. 

(•3) Know the difference between induced drag and parasite 



(4) ' Know how designers reduce turbulent flow drag.. 

(5) Know the definition of supercritical wing. 

(6) Know how the four forces relate 'to helicopter flight, 
b. Behavioral - Each student should.be able to: 

(1) Discuss how the "balance of forces" keeps an a.ircraft in 
the air. ' ' ^ • 

(2) Describe how Newton's Thfrd Law accounts for thrust. 

. (3) Differentiate between induced drag and parasite drag. 
(4) Outline how designers reduce turbulent flow drag. 
.(5) Define supercritical mn'g. 

(6) Show how the four forces relate to helicopter flight. 
SUGGESTED OUTLINE: • . ' • 

a. Four forces maintain an aircraft in straight and level un- 
accelerated flight.. These forces are lift,- weight, thrust, 
and drag. Lift was, covered in detail fn the last chapter. 

b. Weight opposfes, the force of lift 
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(1) The total weight of the aircraft is caused by the pull 
Of graVity 

(2) The relationship of the center of gravity to weight and 

aircraft flight 

»c*^ Thrust, drives the aircraft forv/ard 

(1)' Reciprocating engines 

,(2) Jet engines . . • 

d* Drag opposes the thrust of the aircraft 



•r 



(1) Induced drag 

(a) Affects lifting surfaces 

(b) Vortices 

(2) Parasite drag 
(a) Skin friction \draig and boundary le^yer air 

* (b) TuV^bulent flow Wag 

(c) Streamlining to pvercome drag 
e. Supercritical wing 

. (1) boundary layer air again\ , V- 

(2) Shock waves 
vf. Helicopters - affected by th? sa^e four forces 

(1) Hovering 

(2) Forward, sideward, or rearward \fliaht all work the same 
ORIENTATION: 



^. This chapter covers the other three forises acting upon an 
aircraft in straight, lev'el , and unaccelWated flight. The 
Tast chapter dealt with the forces of lift. This chapter will 
deal with weight, thrust,' and drag. The stmercritical wing • 
is introduced in this chapter because the problems encountered 
are primarily related to dr^g. The helicoptW is covered last 
because in this vAay it both lovers an important area and serves 
as an excellent review of th6 forces of flight. 
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b. Once the student has a clear understanding of these four forces 
in ajTDnchanging situation, he will be prepared to iforw his 
♦studi of the aircraft in motion in a three-dimensiCnal sea 
ef air. 

I 

4. • SUGGESTED KEY POINTS. 

• a. The pull of the earth*on the aircraft is responsible 
for the total weight of the aircraft. This pull of 
**V-9002, p 39 gravity is a force which acts in a direction 
*V-9005, pp 18-19 ODposite to the vertical component of lift. The 
*V-9065, p 22 further the aircraft mass is from the 'center of 
**V-9118, p 44 - the earth, the less the pulling force of the 
**V-9156, p 27 earth on it. In other words, it weighs less. 

The force of weight acts vertically downward from 
the .center of gravity (CG) of the airplane. ^ 

b. Thrust is «the force on an aircraft which gives it 
forward motion. It is related to Newton's Third 

*V-9005, p 19 Law of Motion. "For every action there is an 

**V-9065, p 46 equal and opposite reaction." 
**V-9118, p 45 

*V-9090, p 9 (1) Both jet and reciprocating engines operate 
V-9162, p 7 as reaction engines. 

(a) The reciprocating engine transmits the 
' energy from the burning fuel through 

a complex system to the propeller. The 
turning of the^propeller pushes a mass 
of air to the rear, and the reaction 
to this push (Newton's Third. Law of 
' , Motion) moves the aircraft forward. 

; (b) The jet engine transmits the energy from 
the burning fuel directly out the exhaust 
system. The reaction to this force is 
aga'inst the walls of the combustion 
, chamber, and it moves the aircraft forward, 



*** 



. c. Drag ts the force which ooposes the forward motion 
v-9002, pp of^ the airplane. The tfttal drag of the aircraft 

59-65 Opposes its thrust. This totaj/drag can be 

V-9005, p-19 ' divided into two major types: 



* 

*V-9013, pp 

46-57 , ' (1) Induced drag is that part of the total air 

**V-9065, pp 20-22 resistance caused by the lifting surfaces. 

*V-9118, pp 34-35, It is an unavoidable result of lift, caused 

**+u o^"^^' • change in direction of the airflow 
***V-9187, pp AB-6-12 '^resulting in the formation of trailing 

**V-9156, pp 28-29 vortices from the wings. One of the ways 

**V-9162, pp 96*97 the designer works to reduce this drag is 

***V-9187, pp m-]-9 by increasing the aspect ratio of the wing. 
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**V-9156, pp ^9-31 
.***V^-9162, p 10 



**V-9n8, pp 
45-47, 68 

**V-915e, pp 
496-503 



*V-9002, pp 390-6 
***V-9013, pp 656- 
662, 668, 672-677 

*'**V-9n8, pp^94-104 

(4th ed.) 
*^*V-9135, pp 7-10, 

16-17, 19-27 
***V-9156, pp 166-172 

179-184 
**V-9168, Plane 10 



Thla^ pilot can control the magnitude' of this 
drig by changijrig His single of attack* 

(2) Pallas ite drag is that part of the/total air 
resistance caused by all the non-lifting 
surfaces of the aircraft. The movement | 
of ^ir over the skin surface of ,'the fusel age f ' 
and othej^ fixed obstructions results in a 
frictionhoss termed skin f rictioyi drag , i 
Closely related to thfs skin fHction drag 
is 'the very thin layer of aN moving next 
to the surface of the airfoi]. This, very 
thin layer of air becomes more turbulent 
as it passes from the leading edge of the ^ 
airfoil, to the trailing edge of the airfoil 
It is termed boundary layer air . Also related 
to this is %urbulept flow dy^a^' Which is caused 
by anything interfering with the s£reamlined 
flow of air about the aircraft. Aeronautical 
engineers normally use the. teardrop shape 
as often as possible in their designs'. By 
doing this, air turbulence and the resultant , 
drag is reduced, % 

As high speed aircrlaft flew in the transonic and 
supersohic areas, thje early separation of the 
boundary layer led to Targe shock waves and a ^ 
loss of efficiency due to the reduced lift* The 
supercritical wing is merely one of many attempts 
to overcome this problem. At high speeds, the 
unique shape causes the boundary layer separation 
point to move farther back on the winqf and reduce 
the shock wave size, Straligely enough, at transonic 
speeds, the boundary layer will, .adhere to the sur- 
face longer if it is slightly more turbulent. 

Helicopter flight is really simpler than aircraft 
fligjht .jf th^ stadents will accept the fact that 
the thrust of the propellor(s) has both horizontal 
and vertical components. 



(1) Hovering means that both thrust and lift are 
parallel in a vertical pjane and exactly equal 
to the sum of drag and weight, 

(2) Climbing or descending straight up and down 

, merely .means that lift plus thrust is greater 
or less than drag plus weight respectively. 

(3) Flight in any direction, forward, sideward, 
or rearv/ard, is identical insofar as the 
four forces of flight apply. The resultant 
of lift and thrust, accomplished by tilting 
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the rotor, niust be greater than the resultant 
of drag and weight. For example, if the 
horizontal component of lift exceeds drag \^ 
and the vertical component of lift equals 
weight, the helicopter will travel ih^the 
horizontal direction of thrust at a constant 
al ti tude. 



SUGGESTIONS FOR TEACHING 

a. / Suggested time: 2 

b. Introduce'a study or weight by asking ^uch questions as, "How 
did Newton explain the apple falling to the ground?" "How 
high up must we go to experience. weightlessness?" The students 
can bring in discussion points learned from their science 
classes. Simple demons trjitions can be performed by'students 

or the instructor to develop the key points into student dis- 
cussion^. One such demonstration is to release a balloon i-n 
class to illustrate thrust. ^ - 

c. As students begin to understand the four forces .interacting 
on an aircraft'in straight and level flight, problems can be 
presented to students ^or solutions.. Students can be asked 
to predict what happens to the 'four forces in flight when 
.the angle of attack is changed, 

d. Oral reports by students can be assigned on such key items as: 

(1) Newton Third Law of Motion 

(2) Reaction engines 

(3) Induced drag and the aspect ratio , 

(4) Skin friction drag and boundary layer air 

(5) Turbulent flow drag and streamlining 

e. The supercritical wing v^ill probably be too advanced for most 
of your studervts in which case you will want to either skip 

it or mention ft as a new airfoil design. Several 'new designs- 
are presently being studied such as the antt-symmetrical wing, 
the oblique wing, the "free wing" and the "flying wipg." (See 
references below). A Piper PA 34 Seneca modified with a 
supercritical wing has already flown. Fuel economy improved 
up to 10% (TUSC News, December 1974). All of these areas. are 
• excellent possibilities for student research and reports*. 

f. Your students can also be assigned research reports depending 
on their ability. Your better students could find out what 
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the Reynolck Number is (see 7-9118) and how it applies to drag. 
Others could report on laminar flow. ^ 

The la^t subject in Chapter IV on helicopters serves both as 
an excellent means of testing your students* grasp of the 
four forces of flight and as an introduction to vectors and 
resultants, which wil> be necessary for an understanding of 
the material in Chapter V.' A good review would be to draw 
a direction of fUght for a helicopter and have vour students 
draw the' appropriate vector^ for weight, d»*ag, thrust, and 
lift that would be required for that direction of flight • 

It is possible that your students will ,be intrigued with 
'helicopter flight. Be prepared to answer. such questions as 
"How dbes the pilat change directions?" and "What happens 
when the engine quits?" For this last question, the simple 
autogyro mentioned on page ^55 of the text will be helpful 
(see plans below) . * * 



Answers to Chapter IV Questions: 

(1) Gravity 

(2) (b) center of gravity 



(?) force. which drives 
the aircraft forward 

(4) Reciprocattng and 
jet engines . 



(9) 
(1^ 
(11 
.(12 



(5) The force which tends 

to. retard an aircraft's (13 
. ^progressM:hr:eugh the 

air or tnfe^rorce which (14 
opposes thrust 

(5) The change in direction 
of the airflow • (15 



n(7) Retard; ^absorbing 



(16 



(8) By reducing the area J17 
of the wing affected 
by -wing tip vortices - (18 

(19 

- ' ' • ' (20 



By decreasing the angle of 
attack 

All drag components except 
induced drag 

Skin friction drag and 
turbulent flow drag 

Boundary Vayer ?ir 

More 

K^eo the aircraft clean and 
well polished; removing surface 
irrecjularities 

S^treaiplining 

The teardrops 

•Supei^critical wi/ig 

Impact 7 

True 

By changing the tilt of the ' 
rotdn..^ , 



Student text assignment: read pages 45-56 
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INSTRUCTIONAL AIDS: 

a. Films: ^ 

(1) USAF ■ • ' ' > 

TF^l-4804 How ?n Airplane Flies, 26 mi n. , B&W, 1953^ * ' 

TF-l-488^How an Airplane Flies, 34 niin., B&W, 1953 
(probably more approplr'iate for Chapter V) . .* 

- TF-1-5300 Beyond the Stick and Rudder, 14 min., B&W, 

1959. *** 

TF-1-5340 High Speed Flight - Approaching the Speed of 
Sound, 27 min'.^ color, 1959. *** 

TF-1-5341 High Speed Flight'- Transonic Flight, 20 min., 
color, 1959. *** 

TF-5521 Flyipg the Swept Wing, 24 min., color, 1963. **■ 

TF-5550 High Speed Flight -.Beyond the Speed of Sound, 
20 min., color, 1962. * 

■TF-601 8 Helicopter Performance Data - Temperalwre Makes 
the Difference, 26 min., color, 1967. * 

(2) ' FAA ^ 

FA-10-70 Caution: Wake Turbulence, 16 min., color, 1970. *** 
FA-703 How Airplanes Fly, 18 mijii., 4lor, 1969. *** 

(3) Shell Film Library (borrower pays return postage 
450' North Meridian Street book at least 4 weeks in 
Indianapolis, Indiana 46204 advance) 

Approarching the Speed of Soun4, 27 1/2 min., color, 1958. *** 

Beyor.d the" Speed of Sound, 19 min., color. .*** 

\ 

- Transonic Flight, 20 min., color, 1959. *** . 

b. Transparency 

V-lp08A Forces Acting pn an Aircraft in flight T 

c. Slides . 

. V-0087 Airjcra^Jt in Flight - slides 8, 9, 11-13, 21-25.-' 
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d. Film Strips 

Filmstrip 1, "Lift and ThVust" and Filmstrip 3, "How Helicopters 
Fly" from the JAM HANDY series "Aircraft; Their Power and , 
Control" (see Chapter III this handbook). 

e. Miscellaneous: 

t ^ 

(1) Autogyro, To construct it you need a rectangular sheet 
of paper (5" X 8" works well) and a paper clip. Cut 
(or tear) on the solid lines and fold on the dotted 
Vines as shown below. 





When- you lift it up and let it go it should autorotate, 

(2) Either the chalkboard or the overhead projector may be 
used effectively to explain the forces of flight. How- 
ever, if you waTit something wore permanent or professional , 
a flannelboard or a magnetic board are both very effective. 

(3) Use the fo)^ces of flight model described in Chapter I, 
7: PROJECTS: ^ * J - 

a. See page 55 of the text. 

b. Have your students conduct experiments that help explain weight, 
thrusi;, and drag. They should demonstrate them or report the 
results. to the class. ' >^ / 

V 
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• c. Have your studervts find examples of how streamlining is used • 
in everyday life, e.g. autos, boats, motorcycles, etc., and 
discuss the effect on operating efficiency. 

d.^ VSTOL aircraft are not discussed in this text. Ask your 
• students to- report on the latest VSTOL developments and * 
explain how the forces of flight apply. 

J. FURTHER READING: 

a. See page 55, of the text. 

b. Aircraft in Flight . CAP.. ' . 

c. Aeronautics, Space in the Seventies . NASA, 1971 (EP-85). 

d. AejcQsgace magazine Tpublished monthly by Aerospace Industries' 
^ssocfat^ on H September 1973, pp 8-13; September 1974, pp 11-16) 

Airman's Information Manual. Part I . FAA iS*^tion on Wake- 
Turbulence). 

Aviation Week and Space Technology (e.g., Ma»*ch 22, 1971 , p 48; 
. August 20, 1973, p 56; and November 25, 19,74, pp 43-45). 

g. Xopular Mechanics magazin'e (J^arch 1973) . 

h. ' Science Di'^st magazine (February •1974).. 

i. The TUS.C News . • .' " 
j. V-91 10 -( Helicopters and Autogyros) . • . 
Ic". -Your Aerospace World , 1974. CAP. ' , 

■ - r. 
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IDEAS FOR IMPROVEMENT OF THE TEXTBOOK AND/OR INSTRUCTOR'S GUIDE 
AND TBACHIKG TECHNIQUES MOST EFFECTIVE FOR THIS CHAPTER 
■ TO BE COMPILED AT END OF TEXT AND SENT TO JRC 

THEQfiY OF AIRCRAFT FLIGHT 
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This Chapter examines the aircraft in motion. Stability, 
climbing flight, an^ tuniing night fom a convenient 
framework for discuss in^a the Mechanics of aircraft in motion. 

• Lf-^JECTIVES: 
/A a. Traditional - Each student should: ' 

(1) Know the three axes of rotation used to- describe the " 
movement of aircraft. 

■ (2) Know the resulting motion about these axes when an * 
aircraft rotates in various planes. 

(3) Know^the effects of lack of stability on the axps of ' 
rotation of the aircraft. 

(4) Know the concept of aircraft .control and know at least- 
three control surfaces. 

(5) Know which cbntrol .surfaces affect which aircraft motions. 

(6) Understand rate of climb and angle of climb, 
b. Behavioral - Each student should be able to: 

(1) List the three axes of rotation. 

(2) Describe the resulting motion about these axes when an 
aircraft rotates in various planes.* • 

(3) Discuss the effects of a lack of stability for each of 
the axes X)f an aircraft. 

* • * 

(4) Outline the concept of >aircraft control and list at le^ 
three control surfaces y 

(5) State which ^ntrol surfaces affect which aircraft motions'. 

(6) Explain rate of climb and ttr^e of climb. • 
2. SUGGESTED OUTLINE: 

a. Aircraft fly iri three dimensions ^ 

b. Axes of rotation - types of aircraft motion 
(1). Longitudinal axis - roll 
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";(2)' Lateral .^axis - pitch . - • • 

(3) ' Vertical axis - yaw 

Aircraft stability - central ctfncept behind aircraft design, 
operation, ahd control ' • . . ' 

^(T) Static 'Stability , ■ | • ■ . 

(2) ^eutral stability 

('3)". Positive stability - 

(4) Negative, stability 
(.5) Dynamic' stability ' > 
Longitudinal axis stability - factors involved 

(1) Intentionally noseheavy balance - location of Center of 
Pressure compared to Center of Gravity 

(2) Effect of wind movement over the airfoils 
(a) Downwcish 

. ' (b). Slipstream * \ 

Lateral axis '^stability - factors involved 

(1) Dihedral 

(2) Keel, effect 

(3) Sweepback 
Directional Stability. 
Aircraft control - how maintained 

(1) Contirol& - actual devices regirlating -speed," directipM, 
altitude, and power ' • . 

(2) Control surfaces 

(a) ^ilerons - roll ^ . . ^ 

(b) . Rudders. - yaw * . 

(c) Elevators - pitch 

(d) Trim tabs - fine tuning 
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(3) Climbing flight ' 

(a) Reserve horsepower-r 

(b) Power loading j ^ 

(c) CI linWng angle and rate of climb 

(d) S,erv1ce .cell trig and absolute celling . 

(4) Aircraft turns - factors Involved 

(a) Effective lift 

(b) ' Centrifugal force . ' 

(c) Angle of bank- 

(d) Skid ^ ' 

(e) Slip 

i * 

\ (f) Effects of control dflirf aces in turns 

• h. Aircraft niotion and control - effects of throttle and control 
surfaces * - , - 

. ORIENTATION: . ' ^ ' 

a. The study of aircraft motion and control 1^ based' upon the ' 
background developed -in Chapters III and IV. Aircraft are 
able to sustain flight ^hen there is a balance among the'* • 
forces of lift, weight, thrust, and drag. When one of the 
forces IS too far out of balance, some control adjustment 
mi^t be made or it will be impossible to maintain safe flight 
TOf very long. ^ 

b. ^This chapter looks at, the aircraft once it is in ffight. It- 

deals with the axes of 'rotation and the movement the aircraft 
makes around these axes. It explains the concept of stability 
in flight. The chapter Includes Jaircraft controls and the rol 
they play in movement of the qlarte. 

4. SUGGESTED KEY POINTS: • / 

*u oHAo oo l\ ^'^^'^ ^^"^^^ ^yP^s °^ "lo^^o" other than 
r***u"m2?* 83-84 straight and level flight. Aircraft can move 
AR ? I'/P Wnf three- axes of rotation:' longitudinal 
AB-13-14- (rol-l)-; lateral (pitch); and vertical (yaw). 
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b. Stability, an extremely Important concept In 
.' aircraft design, Is divided Into two types: 
***V-9002, pf) 8f>-92 static - the aircraft's tendency to return to 
***V*aCi05; pp 2f)-21 Its original npsltlon and dynamic - the tendency 
62-67 to return to Its original position with a minimum 

**V-9013, pp 62-65 of restorative dscll lations. 
***V-9156, pp 109-113 ' / . 

**V-9167, pp 65-70 (1) longitudinal stability Infers that an aircraft 

will not pitch unless some external force 
raises or lowers the nose of the aircraft. 
It is necessary to- have a slightly noseheaivy 
, / balance in order to have good longitudinal 

/ stability. Therefore, aircraft are con- 

V structed so that the Center of Gravity will , 

be ahead of the Center of Pressure. This 
tendency to be no5e heavy is dvercome by 
downwash , a downward movement of wind on 
the tail of the aircraft. 

(2) Lateral stability infers that the wing tips ^ 
. **V-9156, pp 113-116 of an aircraft will hold their positions 

(the aircraft will not roll) unless, acted 
upon by some external forces. Factors , 
s f involved which maintain this stability are " 

dihedral, keel effect, and sweepback. 

(3) Ui recti onal stability is the tendency not 

* • - to yaw. It is determined by aircraft- con- 

***V-9156, pp 116-120 struction. ' The chief factor contribiiting . 

to directional stability is the vertical 
fin and sl8e area of fuselage behind the 
Center of Gravity. 

C'/ Controls refer to devices by which the pilot 
**V-9002, pp regulates his aircraft. , These Include ailerons, 

92-97 rudders, and elevators, all of which are moveable 

***V-9009, pp 2U24, airfoils. Using these the pilot can change the 

67 J .attitude of the aircraft. Additionally, secondary 

**V-9118, pp 70-74 control surfaces called 'trim tabs may be attached 
***V-9122, pp to these. Certain lift devices such as- flaps, 

308-318 slots, and spoilers were discussed previously ., 

***V-9161, pp in the chapter on lift. These are sometimes con- 

2-1-5 ' sidered when discussing controls. 

***V-9187, pp AB- 

14-17 . / (1) Climbing flight is dependent upon reserve^. 
***V-9002, pp 70-72 horsepower in the aircraft engine. Factors 

Involved Include rate of climb and angle of 
j climb. Service ceiling, the altitude at 

which the maximum rate of climb is 100 feet 
/ per minute, and absolute ceiling, the altitude 

at which the aircraft ceases to climb, are 
both Important factors Involved fn climbing. 
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• ***V-9002» 
***V-9005, 
**V-9090, 
***V-9161, 
***V-9162, 

**V-9002, 
**V-9047, 
***V-9156, 
120-123 



(2) 

pp 46, 70-72 
pp .71-73 
p 33 

pp. l-30-3q 



pp 47-48 
\ d. 

p 92 

pp 79-82 
PP 



Forces in turning InvoVve the principle of 
centrifugal force. Turning factors such as 
angle of bank, skids, and -slips Can be more 
easily understood when you visualize lift 
in vertical and horizontal components. 



Aircraft motion is controlled by the throttle and 
the control surfaces. Through use of these control 
the pilot changes the balance between the four 
forces: thrust, lift, drag and weight. 

(1) Throttle is the up and down control 



(2) Elevators control speed 

(3) Ailerons and elevators turn the aircraft 

(4) Rudder corrects for adverse yaw. 
5. SUGGESTIONS FOR TEACHING: 



Suggested time: 4-5-5 
Student. text assignment: 



read pages 57 - 83. 



c. 



The best suggested teaching method for this chapter would be 
a combination lecture, demonstration, and guided discussion. 
The theory of aircraft motion, and control can best be demon- 
strated by use of a model airplane with moveable controls. 
The axes of rotation can be. shown by inserting soda straws or 
some other devige through the .longitudinal , 'vertical and 
lateral axeslof another simpler model with holes drilled 
through it. Discussion and demonstration of roll, pitch, and 
yaw could be developed along these lines.. The instructor • 
should use a hand-he.lti mod^l , moved in changing directions 
in his lecture on aircraft, stabil ity." Various 'mbVeme'nts* and--.., 
changes of direction could very well demonstrate these points. 
Perhaps you could have sojne shop students make several small 
simple models so that students would have a better chance to 
handle the. model . 

Some of the key points in this chapter arfe very difficult for 
students to grasp. You may have to use several different ex- 
planations in order to clear up confusion. Some possibilities, 
are: ■ 



tudinal axis stability is hard to visualize. Be 
ure to point out that the horizontal stabilizer is 
fastened on slanting dowrt- toward the front so that its' 
angle of attack is negative.. Naturally, they should 
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come to understand ^;hat this whole setup is designed to 
achieve both static and dynamic stability. 

(2) Stability may be compared to the balance of forces, 'i.e., - 
a balance of the four forces of flight would be a static 
stable condition. Applying thrust would create'an unstable 
condition, but drag and possibly a loss of lift would tend 

%o bring the aircraft back to equilibrium - static stability .> 

(3) Some students will undoubtedly become confused when dis- 
cussing movement about an axis, 'e.g., pitch about the 
lateral axis, only to find'out that a resistance to pitch 
is stability along the lorrgitudinal axis. Without a model, 
n will be impossible to make it -completely clear for all 
students, however, you might eguate their automobile to 
directional stability and yaw. If the front wheels> are ' \ 
out of alignment, the -steering may have negative stability 
a]o"q the longitudinal axis and about the vertical axis' - 
directional instability. Stability refers to motion 

about one axis while moving the fentire length' of another 
axis. Longitudinal stability - if the nose gqes down, 
the longitudinal axis is moved around the lateral axis; '• 
Lateral stability - if a wing comes up the lateral axis 
• ■ i5 moved around the longitudinal axis; directional ■ ■ 
stability - sideways movement of the nose along the 
longitudinal axis (the direction you're headed). about 
. the vertical axis . - . 

. ' • ' - 

(4) Forces in turns, slips , ^aTRl\sk ids can b^ confusing. The ■ 
most effective system I've seen is to divide lift into 
vertical and horizontal components with/<entri.fifgal force 
and weight counteracting them. Any veetor or resultant 
out of balanj:e with its' opposite cot^nterpart will lead 
to a climb, descent, skid, or slip. A good quick way 

to test your students' comprehension isHo have them 
complete*the massing vector/ resultants in Figure 43, 
assuming it's a coordinated turn. 

(5) Some of you fighter types will surdly take issue with' the 
. statement that the throttle controls altitude aWthe 

elevators airspeed. Before you enlighten your stJfeents 
with "the way .it really is," remember that's the way 
It's taught in FAA flight training and that's the way it" 
will be taught to them when they start to fly. 

Some of your students may have gasoline-powered flying models. " 
Have them put on a demonstration explaining the controls. 
Maybe thfey will let other students fly them. 

Regarding question 6, page 81 of the text. The B-58 is a good 
example. Because the line of thrust on an outboard engine was 
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h. 



so far from tfie CG, if one suddenly failed at supersonic speeds, 
it would be possible to literally tear the aircraft apart due 
to the yaw. This can be stopped by installing a system whereby 
an outboard engine failure means an immediate automatic shutdown 
of the other outboard. 

Frames 31 through 68 plus the review questions in- the Theory 
of Flight Workbook (V-7021W) serve- as an excellent aid for 
this chapter. • , 

Modify tlT5-pSp#Tiirplanes' your students built earlier and put 
.control surfaces on them. Have a contest. 



i. Answers, to Chapter V Questions; 



(1) 


that the forces ^re in. 


.(16) 


a, 3 b, 2 c. 1 




barance 




(2) 




(17) 


More 


a. 2 b. 1 c. 3 




(3) 


a. ' 1 3 c. 2 


(18) 


False ^ 


(4) 


False 


(19) 


b, left 


(5) 


Stabil ity 


(20) 


The Frise aileron , 


(6) 


a. 3 b. 1 c. 2 


(21) 


Moveable control surface 


(7) 






attached to" the vertical 


The tendency to return to 








an original position with 


(22) 


'False 




a minimum of oscillation 




False ? 


(8) 




(23) 


^c.^ longitudinal 




(9) 






b. 220 , 


Behind 



(10) The slight downward move- 
ment given to relative 
wind passing over ah air- 
foil 

(11) Slipstream" 

(12) Lateral 

(13) d. all of the above 

(14) False 

(15) More . , * 



(25 
(26 
,(27 
(28 
■(29 

(30 
(31 
(32 



Stalling; maximum 
Time , 
Service 
d.' weight 

The angle between the aircraft 
wings and the horizontal 

a. 1 b. 2 c. 3 

t^ correct for adverse yaw 

"get that, stick forward!" 
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JNSTRUCTiONAt AIDS: 
a. Films: 



U^AF 

sir? n 



51 Crossover, 15 min., color, 1963. *** 



TF-1-6700 Airplane' Structures - Control Surfaces, 7 min., 
B*W, 1943. * ■ 

TF-1*4805 How an Airplane Flies;, 34 min., B&W, 1953. * 

TF-1-5300 Beyond the Stick and Rudder, 14 min,, B&W, 

•1959.. *** ■ • 

■" ' , / 

tF 6129 Control Is .a Greek NaW6d Alpha, 20 min., color, 
1967. * 

TF 6155 F-4 Flight Character sties, 18 min.^ color, 1968. 

(2) FAA ;,; 

■f"' ■ 

FA-07-03 Flytl^g Boats, 19 mfn. , color. ** 

(3) NASA ; . 

HQ. 205 Space in the Sevent16s< 28 tnin., colof* 19.71. *** 

b. Transparencies 

V-1008B Airplane Roll, Pitch, and Yaw Axes 

V-1ob9 Operation of Elevators 

V-1021 Take-off Conditions (not issueVl since 1971) 

'V-1055 Runway and Approach Lighting System (better for 
V-7204) 

V-1064 Control of Airplane in Flight 
V-1066 Attitude and Attitude Control 
V-1067 Control Devices 

c. Slides 
/-0087 slides 14 through 20 
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d. Miscellaneous , 

(1) "Controtjing an Airplane" - JAM HANDY filmstrip No. 2. 

("2) Demonstration Aids for Aviation Education , CAP, pp 14-16. 

w (3) VCS, Visual Communications. Systems by William Reynolds - 
The plans for a moveaMe control model airplane are on " 
- page 17. 

(4) Small airplane demonstration models with moveable controls. 
These can be made in your> shop or purchased quite, inex- " 
pensively through commercial sources in either paper or 
plastic versions. 

. .,, ,, ,{5}! ''U^Fly-It" Aircraft Model - Model' Piper aircraft on a 

glide Tine with a control stick for landings. Available 
through Schaper Manufacturing Company, P.,0. Box 1426, 
Minneapolis, Minnesota 55427. 

4 

(6) Flight Simulators. YouTschool Board may be willing tp 
purchase one for your school. Several excellent models 
are available for sale or lease through commercial sources. 
Prices range from approximately $1,000 iipward. Advise 
AFROTC/JRC if you are unable to locate information about 
simulators. 

T 

7. PROJECTS: 

a. See page .81 in the text. 

b. Have your students research and report on elevons, V-tails etc., 
and how they are used in aircraft cpntrol. 

8. FURTHER READING: 

a. Aircra'ft in Flight . CAP. 

b. Current copies of Aviation .Week and Space Technology . . 

c. VFR Exam-O-Gram -No. 28 "Factors Affecting Stall Speed." 

d. The TUSC News. 




EAS FOR IMPROVEMENT OF TOE tEXTBOOK AND/OR INSTRUCTOR'S GUIDE 
And TEACHING T£CHNItJl|ES H6sT EFFECT I V^.fORTH?SCH^^^^ 
Ta BE- COMPILED At end ^JF text and SEm TO JRC 

.THEORY OF AIRCRAFT. RIGHT 
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CHAPTER VI - AIRCRAFT STRUCTURE / 

* ♦ 

This chapter examines the aircraft^tsel f The major structural 
elements of the -jaircraft provide a good framework for discussions 
of stiress, construction, and operation of selected aircraft com- 
ponents . 

. OBJECT I ks: 

a. (Traditional - Each student should: , 

(1) Know the major components ojf an a'ircraft. 1 

I ' i 

(2) Know (at least three types df stress- and their effects on 

aircraft components. ^ 

(3) Be familiar "with at least three tyoes of elementa,ry design 
• structures and how, they -are used to give aircraft^ com- 
ponents strength without adding excessive weight, 

(4) , Know various types and^esi,rincipal. parts of fuselages, 
wings, and empennage. \^ 

(5) Know the primary applications of >iydraulic and electrical 
systems in aircraft. 

(6) . Know how todays aircraft landing ^^ear works. 

b. Behavioral - Eaqh student should be able to:' 
^ (1) Describe th6 major components of an aircraft. 

(2) List at leas^ .three types of stress and discuss their 
effects on" aircraft components. 

(3) Recal 1 at least three types of elementary design structures 
. y and tell how thiy give an aircraft strength without adding 

excessive weight. 

(4) Discuss various types of fuselages, wings, and empennage 
and describe the principal parts of each. 

/ 

(5) State the primary applications of hydraulic and electrical 
systems in aircraft. 

(6) Describe . how today's aircraft landing gear works. • 
I. SUGGESTED OUTLINE: 

a. The power plant- (engine and propellers) 
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(1) Housed in engine towling and nacelle/ 

(2) Engine pdms propeller 

(3) Propeller create!; thrust, CNewton's 3i/d Law of Motion) 
b. Fuselage ^ 

(1) Main part of aircraft 

(2) Houses crew, instruments, and payload (cargo, passengers, 

> stc.l / 

(3) Two'myin types of fuselage construction 

(a) Welded st^el truss ,(stee>-tubir^^) 

(b) sUimonocoque (internal Iv braced metal skin) 

.(4) Five stresses kcting on an aikpr^ftVin flight (stress is 
an internal fdrce which resists ap|jlied outside force) ; 

(a) Tension:/ Stress which resists attempt ta pull apart 
(like stretching a rubber band - or the pull on the 
control tables df an aircraft as you move the stick) 

> (b) Compresjion: Opbosite of tension - resists a force 
trying to push tbgether (like squeezing a football ' 
from both ends -i landing gear struts undergo com- 
pression) I . 

(c) . Bending: Combination of tension and compression - 

wing span (interior structure) undergoes bending 
during flight - lower side of spar is subject to' 
tension while upper-side is subjected to compression 

(d) Shear: Type of stress exerted when two items, such 
as metal bolted or riveted together, are pulledT 
apart or pushed together by sliding one over the 
other. Bolts and rivets are designed to resist 
shear 

(e) Torsion: S'tress which resists being twisted dpart 
(torsional force is produced when you tOrn the steer- 
ing wheel of an automobile - or when the aircraft 
engine exerts a torsional force on the propeller 
shaft directly affecting the flight of the-plaoe) 

^ (5) General effect of stresses: , 

(a) All parts of aircraft are subjected to one or more " 
stresses 
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(b) Usually act in combinations of two or more 

(C) Sometimes alternate: tension followed by compression, 
etc. 

(d) Some p^ts carry only one type of stress; e.g., wires 
and. cables can carry only tension 

(6) Trussed fuselages, (used mostly in light civilian aircraft, 
liaison, observation, and training planes) [' 

(a) Welded tubular steel structure 

(b) Covered with fabric over fairing (streamlined) 

(c) Act^ like the structure of a bridge 

(7) Semimonocoque (used in most military aircraft) \ 

(a) Skin (usually sheets of aluminim alloy)/and internal 
bracing carry the stress / 

(b) Easy to build in streamlined form 

(C) Stu^ngth com0s fromf metal skiji reinforced by internal 
^ rings and stHngers 

* 

(8) Load factor; Load placed on aircraft under various con- 
ditions of fTlght: 

(a) Vfeil: Aircraft -is flying straight and-level and 
load is evenly balanced I 

(b) Strain: climbing, diving, banking, tijrbulent weather 

(c) Ultimate load: point of structural fjSiilure; usually 
^ 1 1/2 times the greatest load the airicraft structure 
'will be subjected to in normal flight 

(d) Maxi'mum applied load - greatest load expected in 
flight 

(e) Safety factor - ratio between maximum applied and 
ultimate loads 

f 

(f) Idea is to keep stress on any part from reaching 
ultimate load, while keeping the aircraft as light 
as possible 
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c. Wings 



(1) frasic construction materials used are wood (covered 
With fabric) and metal 

(2) Wooden wings 

(a) Two Tong spars 

• « 

(b) Curved ribs 

(c) spar? and ribs are covered with painted fabric 

(3) Metal wings 

(a) Construction similar. td wooden wings, except ribs 
and covering are made of light metal 

(b/ Stronger, but heavier and more expensive than/wood 

(4) Attachment of wings to fuselage 

(a) /Full cantilever wing - very strong, can be Attached 
/ directly to fuselage without external braci/ig, used 
/ mostly by military aircraft and comnerclal /airliners 
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(bV Semicantilever winq - internal structure ojf wing 
' .lighter, streamlined wires or tie rods coimect wing 
to fuselage 

(c) - External ly-braeed wing - lightest of wing structures, 
struts or spars extend from wing to fuselage, used 
mainly by slow-flying aircraft, Sporting, etc. 

(J. Empennage (Tail section) 

(1) Vital for stability • 

(2) Components ' * 

if) Horizontal stabilizer - fixed front sectjon, provides 
'■ longitudinal stability ' 

(b) Elevator - hinged rear section, control d angle of 
attack, lience controls speed 

(c) Vertical stabilizer (fin) - fixed front Wfcion, 
helps maintain desired- d'i recti pn of flight 

(d) Rudder - hinged -rear section, offsets adverse y^w 

' "1-50 
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e. HydTaulic system 

(1) Pascal's Law - pressure exerted anywhere on a confined 
fluid is transmitted undiminished to every portion of 
the vessel containing the fluid 

(2) Mechanical" advantage 

(3) Operates brakes, lowers landing gear, extends and lowers 
flaps, controls propeller pitch 

f . Electrical system 
{!)■' Operates radios, navigation equipment, lights, etc. 

(2) Generator ciTarges storage batteries 

(3) Magnetos provide current which ignites fuel mixture, 
keeping jet or propeller aircraft engines working 

t 

(4) Electric motors help pilot start engines, operate many ' 
.■ mechanica-1 devices, and perform numerous tasks where 

power is needed 

g^ liandtng gear / 

(1) Main functions 
(a) Assist take-pff 

Absorb shock of landing 

(2) Fixed or retractable - re.tracting recjljces drag 

(3) Shock absorbers oleo strut 

(4) Brakes 

(a) Operate independently for right and left main gear 
■ (b) Antiskid prevents locking 

(5) Types of landing gear 

(a) Conventional 

(b) Tricycle 

(c) Bicycle 
ORIENTATION: 



a. An airplane structure is a combination (of related parts, frame- 
works, and assemblies, all grouped intd a heavier-than-air 
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flying machine. To fly, it must have an aerodynamic shape'. 
This shape must be made of parts having a high strength-to- 
weight ratio and having balance for flight. 'To.be sarfe, 
the aircraft structure must withstand more force than just 
that imposed by its own weight. In general^ airplanes are 
designed to withstand one and one-half times the fuTl or' 
maximum expected force. ; . ' 

b. This is the practical portion where the theory, principles, 
forces, and controls actually take shape. The student should 
recognize this relationship and realize that aircraft design 
and structure is the functional application of the areas 
studie.d earlier. 



4. SUGGESTED KEY ROIMTS:^ ^ 



,a. Man did not fly sooner because heytiid not have 
*V-9005, pp 30-31 ^an adequate engine. After one v/a^ devised, it 
**V-9013, pp more than kept pace with^tbe changes in the 

108-109 airplane structure. Our main concern at this 

**V-9118, pp point is that the engine is necessary and capable 

168-169 N of producing sufficient thrust to sustain flight. 

**V-9156, pp '31-37 However, the size, weight, and shape of the 
*V-9156, p 49 ' engine are important because they influence air- 
craft design and construction. 

b. The cowlings and nacelles which cover the engine 
**V-9118, pp 167, noj^nly protect the engine, they also reduce 

/170-171 drag by streamlining the aircraft. 

***V-9162, pp 1-9-10 

I c. Many students have looked out the window of an 
/ airplane in flight and noticed that the wings 

*V-9013, pp 84-86 flexed. Airplanes are flexible, that is, a 
***V-9065, p 28 certain amount of movement in the airplane is 

expected and desirable. ; Because the craft is 
con^tani^y being srubjected to air currents and 
bumps of*^arying intensity and direction, some 
flexibility is necessary in order to prevent 
structural failure. 

' d. .The five stresses which all aircraft undergo con- 

**V-9013, pp 87-88 stantly while in flight are tensjon, compression, 
***V-9065, pp 24-27 bending, shear, and torsion. To' a lesser degree, 
**V-9118, p 8 the students' automobiles, bikes, and skate 

**V-9156, pp 54-57 boards undergo, the san)e stresses. 

e. 'The fuselage does much more than serve as a 
**V-9013, pp 95-99 compartment to carry thjnqs.^ It must be strong 
***V-9118, pp enough to support all the other aircraft components 

T42-146 and withstand exceedingly Targe, stresses. There- 

fore, a knowledge of trusses and stressed skin 
designs is very important to the aircraft builder. 
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/-9013, 
"'*V-9118, 
147-153 
**V-91 56, 



**V-9013, 
105-108 



PP 
PP 

PP 



PP 



f. 

6-28 
88-95 



.40-46 

■ g. 



***V-9118, PP 9-10, 
14-16, 18-20., 
182-188 



/ 

,4* 



f**V-9013, PP 99- 

' 105 ■ 

PP 



V-9005, PP 29-31 



105 
*V-9118, 
155-156 
***V-9156, PP 50-53 



The primary lifting airfoil of an airplane is 
the wing. Wings are attached to an airolane in 
a variety of locations and ways - full 'cantilever, 
semi cantilever and externally braced. 



Empennage, or tail assembly, of an airplane is 
composed of several parts, each of which has a 
definite control function. Structurally these- 
parts resemble' wings, but are much Jess complex.. 
.The student should understand tiKi following basic 
control functions. 



(1) Horizontal stabilizer - 
longitudinal stability 



helps to proyide 



(2) Elevator - controls angle of attack or pitch 

/ J, 

(3) Vertical fin helps maintain direction of 
flight 

1 

> (4) Rudder - compensates for yaw in turning 



Hydraulics are only one of many systems which use 
a mechanical advantage to help the pilot operate 
.and control the aircraft. Quite obviously, a 
C-5 pjlot could not manually raise and lower the 
flaps and the 28 wheels oa the landing gear. On 
today's aircraft, electrical motors are replacing 
hydr^ulics^ for many functions. The electrical 
motors use the same principles of mechanical 
advantage* 

In'addition to the basic conventional , tricycle, and 
bicycle landing gear, some aircraft use pontoons 
or the fuselage to land on water while others land 
on snow and ice using skis. All, systems must 
cushion the landing shock and still reduce friction 
si^fficiently for takeoffs so the aircraft can be- 
come airborne. 



5. SUGGESTIONS FOR TEACHING: 
a. Suggested time: 2-3-3 



b. 



Because iii this un-it we are examining the aircraft itself, we 
need to s* the relationships o'f its .structures and how they 
fit together. Keep in mind the major principles Already stated, 
and try to^get the student to acfply these principles to his 
new learning experiences. One ^ppnoach is to lead the student 
through as-signed readings and have him bring discussion questions 
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to class, A good guided discussion would certainly promote 
more learning than lecturing or other methods. 

c. Fqr this chapter, an understanding of your students' interests 
an^ abilities is essential. WhiTe some students will be bored , 
and disinterested, foV some students this could be the most 
interesting part of the text. If you recognize a specific 

. interest in individual students, you .should make an effort to 
individualize the method of instruction for them. They could 
be ass^igned time-consumiTig construction or drafting projects 
, and reduce their homework requirements for other areas. 

d. You may want to- spend some time on mechanical advantage. 
Students are almost always interested in demonstrations of the 
pulley, lever, gear, and the inclined plane. (Also, you mav # 
want to point out that the man oh the left iTi Figure 63 lacl/s 
intelligence in two ways. Not only is he not using a lever, 

* he's also using ati incorrect lifting technique which could 
lead to a hernia.) 

e. Comparisons with familiar items are always effective. For 
example, (1) the landing gear can be compared to an automobile's 
shock absorbers, (2) the aircraft hydraulic and electrical 
systems also have automotive counterpa^rts, (3) some cars now 
have antiskid (why?), (4) knives, grinders, can openers , .etc. , 
offer excellent examples of stresses, and (5) a wrecked auto- 
mobile (there's probably one mi the auto^shop) offers a graphic 
description of stresses. 

f. Your more advanced students might be assigned some computation 
problems.. Thqy could compute the amount Of work dprie by a * 
lever or ^ hydraulic system. If ydu want tp impress them, 
merely mention that an aircraft hydroplanes when its speed 
^uals nine times the square root of the tire pressure. Then 
ask them to compute the speed their automobiles would hydro- / 
plane (Question 5, page 105 of the text). / 

g. Ayiswers to Chapter VI Questions 
d. all of the above 

(2) engine protection, aids 
engine cooling 

(3) streamlined containers 
for auxiliary engine 
systems 

(4) fuselage 

/ 
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(5) a. 4 b. 5 c. 1, (18) two inehes . 
d. 2 e.' 3 - > ■ 

... ^ ' * refer to textbook section 

true ^ . on electrical systems 

(7) fals? (20) less 

(8) light; strong; rigid (21) oleo struts 

(9) semimonocoque (22*) antiskid 

(10) the load placed on the. (23) b. tricycle • 
aircraft in .flight 

' • - (24) bicycle 
, (11) a. maximum applied load • ^ 

(12) a. , 2 b." 2 c; 1. d. 2 e; 1 ■ 

h. Student te)(f assignment: r^ad pages 85-1-07- ■ 

INSTRUcrfoNAL AIDS ' , • • '''' •. . 

"a. Films: » ' / ■ ■ , 

(1) ^USAF " ' . • - • . \ 

TF-1-5300 Beyond ttie Stick and Rudder, 14 min.. B&W, 
■ * 1959. ** ^ . 

TF 6332 Hydraulic Brakes /-/Principles of Operation. 
22 min., B&W, 196/. ** ^ 

(2) FAA " ■ ■ . • 

FA-602 A Plane Is Born, 27 min., color, 1968. "** - 
FAC-135..The .Wind Is Right, 28 min., color, 1971. • *** - 
. FA-807 Plane Sense, 20 min., color, ,1968. * 
b. Transparencies ' ' . ' 

*' V-1001 Airplane Components- 

V-1004 B-2, Tail Structure (not furnished after 1971.) 
.V-1052 Basic Hydraulic Fluid System 

PROJECTS: 

a. See page 105 of the text. 
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b. Build an airplane I Not as far fetched as .it sounds. Naturally 
it should be <fone through the irtdustirial arts .departments 
Plans are avaiUble from the ExperimentaJ .Aircraft'Assbclation, 
Air Education Huseum, P. 0.-Box-225'; TlaTes Corners* Wisconsin 
53130. . -. . ' • ' • 

,• " " , ^ * . * " 

c. * Build It Warren Truss as a shop project and test its strength. • 

On a smaller scale, it can be coni tructed^i th toothpicks and 

■ ■ ' /- • y 1 ■ 

d. Invite an FAA Inspector to explain t6 the Vl ass .what he looks 
for when making ^irworthiness/inspections. ' ^ 



e» Several aircraft systems Such as^park plu^s are dupVicated 
(redundancy) Have your students discuss this\ ^ • 

f. Construct, aircraft models of various aircr^aft/ Have students 
report on* the construction features. 

. >» 

8. FURTHER READING: V • 

a. See page 105 of the text. ^ ^ 
b- Aircraft In Flight y CAP. • ^ 
c\ Aerospace magazine. 

d. Aviation Week and Space Technology (December 1?, 197.4, pp 48-49), 

e. The TUSC News! 



NOTE : Re^'er to "Aircraft Design Calculations," a supplement to this 
handbook by Lt Colonel' Darreld K. Calkins, USAF (Retired) 
Wilson High SchooU Florence, South Car61ina^SC-51) This 
supplement is Intended to integrate the materials taught in 
this text with more advanced aeronautical technology. Use 
it as a challenge for your more advanced students. 
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OfAPTER VII - AIRCRAFT IN^jliRUMENTS 



This chapter introduces the student to aircraft instruments. 
After the student learns about classifying instrument systems, 
he can therr examine selected instruments and 'their operation. 
Because later units examine some of these! instruments in 
depth, this -chapter provides only a quick look at the entire 
instrument panel with emphasis on flight control instruments. 
The student should finish the chapter iTnowing why aircraft 
have instruments ?nd what infor(ji*kion the pilot derives from 
them. ' 

1.- OBJECTIVES: ' 

a. Traditional - Each student, should: ' ' '• 

(1) llnow two ways in which aircraft instruments are classified 
and one example of each group. 

(2) Know what each class of instruments does and how it works." 

(3) Know how at least three flight control instruments are 
used. - * - - 

b. Behavioral - Each student should be able to: 

(1) . Outline two ways in which aircraft instruments are grouped 

and givg^ at least one example, for ench group. 

(2) De|crlbe what each class of instruments does find how it 
works. ' 

(3) Discuss how at least three flight controT instriinents are. 
usea. 7 

2^ SUGGESTED OUTLINE: " ■ 

. a. Aircraft instruments are no more complex to a pilot' than auto 
. i.nstruments are- to a driver. 

b. Early instruments , ' 
•' ■ (1) Airspeed. measured with wind gauges 

(2) Didn't really neec) altimeters and navigation instruments 

(3) Early fuel gauge „ ^ , 

(4) Early attitude indicator '» 
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Q. Instrument classification •• » ' 

(1) By usage 
(a) Engine 

^ (b) Navigation 
(c) Flight 

(2) By principle of operation 

(a) Mechanical - gyroscope operation 

(b) . Pressure ^ • / 

(c) Electrical 

d. Engine instruments and what they. indicate 

(1) Tachometer^- engine speed (RPM) 

(2) Temperature gauges - oil , cylinders, carburetor intake 

(3) Pressure gauges - oil, fuel, manifold 

(4) Fuel quantity gauges - fuel supply 

e. Navigation instruments and what they indicate 

(1) Airspeed indicator - airspeed* ' . , * 

(?) Altimeter - altitude ' . ' / ' 

(3) . Compass - determines direction of flight based on 360° 

circle ^ 

(4) Clock - measures time 

f. .Flight instruments and what they^indtcate 

(1) ' Altimeter - altitude' 

(2) . Airspeed indicator - airspeed 

(3) Tur^n and bank indicator (needle and ball) - evaluation of 
a turn in flight 

(4) Rate of climb indicator - gai?i or loss of altitude 
. ^(5) Artificial horizon - attitude of aircraft ' 
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"i^ .Oj?UNTATI0N: ''-^^^^ V* ■^. ■/- / • ' • \ 

^. •The-,.lJilOit,cann6l|adequately and accurately sense all of the 
-condltfons df,4>iT aircraft' and of. flight Engine status,. : 
•. .aircraft itttHtfde.^ .an()'component"1iifor|nation must be (neasui*^ 
and, cl early indicart6d/ These. readings-must be extremely -■/ 
accu'rate;ahd,re.a.<iily >vailablG-.to the p.ilot; The 'jjil&t- 1s / 
.absolutely dep^nd^nt (on. thesfe" instrunents for safe bperatiorf 
•of- tHe. engine and fjoWerplant. , ' / 

b. Emphasis is on flight inst^uirieQts becayse 'riavigation and / ' 
» wessure .instruments "ace covered" in' other texts. . / 

4. SUGGESTED KEY POINTS: .... , ' . 

" 1. a. While they looj< complex; ..aircraft instruments are 

**^,\^^^ ''^■ ■ i^a^ly qw-ite.-.siniple and 'generally easily read once 
**V-9162* P '^"V ^y'l^ arider^tood. Also, in miij.ti engine .aircraft, 
- .... -^fe^-engine instruments/are dupl icated for each §ngine, 
. Referring to the .qenter cluster^ of iiijstrjjments in 
.^ .Figure 6SA, there ane really 'only eight instruments 
. ' . but they're duplicated fou^ times*/ This cluster ' 
' . system makes it very-fetasy to detect.a, malfunction 
' • . ~ ♦ on one enginev If "ohjy tostRument iS' different, n 
' ' ■ ch^eck -further. ' ■ ' -i • 1 



■ ':. .b. Aircraft ins^irumeni^ are class-ified in-terms of 

* ' -their^use. or iT) terms;ofi the principle underlying 
V:Vr?X ' ' constwiption.' 'Througtiout your-.lelsson stress ♦ 

.244-270 • .'.that- what .the :instrumeia^t te Tl-s. the -pilot is mor^^ 

— ' ■ "-irapdrtant than how -i.t^l>i*ks. Plater in the course, 
_ if- -appropriate, the (i/&:ut^,tlonal'>field of Injtru- 
• men t repair and" desi^ 'caj.i)e- discussed. 

.; V. . Engine instrwmepts 'h^Ve only one fun'ctldn, 

■ ^? the.pf^4t*fiow'how the engine is . ' 
^ilv^'^ of)erating. Fo;: Tfta reciprocating, engine, 

**wn?ro ie ' the tachometer, tfemperatur,e gauges', .pressure ■ 

''-9162, p 15. ■ .gauges, '&nd fufel quantity gauges are generally 
• ' basic. A bejjinning studenti^iay feel too much 

/stress is- , placed 'on engiine instrumerfts until • 
.you Dgnt biit that, .-xinl ike a car, :ybu can't 
pull'^er and park whfen the engine'^u^ts. 

, - "J^^ Navigation ins^mpents are primarily to keep • 
**V-9-187, pp NAV-1-2V the-Ril.6t from getting lost. These will be 
^"7-^ . discussed in more deta/ll in the navigation 

text. " . 

' ' (3) -Fl-fght instruments aid fcheT)ilot in estabfish- 

***V-9002, pp 236-237 ing the attitude of th^ aircraft. 5^ An ex- - 

.perienced jillot with^e aid of some nd^ legation 
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\ instruments, ne|ed never see 
Che aircraft extept for tak 



theLOutside of 
boff atid landing. 



/ c. 
' ***V-9118, pp 27.1- 
280 

**V-9156, pp 156- 
161 

***V-9162, p 17 
■ ***V-91^, FL-13- 
c 14 

***V-9p90, pp 76- 
**V-9fl 56, pp ^ / " 
164-165 
***V-il62, pp 54-57 
**V-01.66, pp 92-94 
a-13-17 

**V-^002, ^' 
227-228 

***\r-9005, pt) ,61-62 

**V-916T, p|2-16 

***V-9187, p'fL-7 



Several flight ins/trum^nts (use gyrostopes in order 



to maintoiin a constant refdlrence 
the aircraft is executing atroba 
For this- reason, the rigidi^jty in 
should be emphasized 'as welll as 
side disturbances such as magnet 
fluenpe its functiorying. i 



point even when 
;ic naneuvers. 
space feature 
;he fj^ct that out- 
sm do not in- 



***V-^87, 



PP <^ 



A properly banked level turn with the forces in 
balance is a coordinated tufn-. The pilot uses 
the needle and ball (turn and bank indicator) to' 
determirtf whether or not he' is making a proper 
turn. Rate of turn may, also be gained from the 
artificial horizon. 

Many^nstruments aid the pilot in determining 
whether or not he is chaAigirjg altitude, but the 
two primary instruments |the rate of climb 
(vertical speed) indicator a!nd thfe artificial 
horizon. Using the artificial horizon, the pilot 
can quickly tell the aircraft's attitude whether 
he is turning, climbing, or -descendinci. 



SUGGESTIONS FOR TEACHING: 
a. Suggested time: ^2-2 



\ 



b. 



( r 

The depth and meWiod of instriktion will depend primarily on 
.how well* your students have grasped the principles of flight 
taught iVi Chapters I, III, IV, and V. Opening with a review 
of the four forces of fligit and aircraft motion and control 
is 'appropriate. You might ask your students which of the 
four forces apply to & batfeball pitcher's curve ball and 
then ask them to explain hbw. Most of them will quickly 
recognize thrust, drag, and weight. Some will say lift, 
but few will realize! tha£ it's pressure differential lift 
that (;auses the ball to cutve. Because the ball is spinning, 
the relative wind is fastefr on the side rotating forward, y 
thereby reducing the pressJi^e and lifting (displacing) the'^^ 
ball in that direction. 



"You should use a "h^ds on" approach for this chapter. A 
flight simulator is the best possible instructional aid 
for this chapter. A poor man's alternative is transparency 
■V-1011. An, excel lent approach \% to turn off the overhead, 
adjust the instruments, then turn it back on and have the 
students identify th6 aircraft's attitude, speed, altitude, etc. 

1-60 . 1 



7J 



p 



FEBRUARY 1975 



d. This chapter presents an outstanding opportunity to review 
and reinforce the forces experienced in. a turn studied in 
Chapter V. Here again, you can use V-lOLl and ask the 
students to draw the correct turn vector? and resultants 
based on the instrument readings. 

e. The most effective way to explain a gyroscope and its 
characteristics is to agtually operate a gyroscope. If y^u 
do not have one, the science department will almost sure)^ 
be able to loan, you ond. A word of cJirtion,. your^UuAde^ 
.may well have already studied gyroscopes recently and you 
then will merely want /to cover its importance to a study of 
aircraft instruments./ 

f. Instrument and control arrangement in the cockpit is ayscience 
in ttself. A brainsti)nning session on whe're all the things 
in the cockpit 'should best be located should generate /a 
lively discussion. / 

g. Answers to Chapter VII Questions: 

(1) ' true (I9) navigation instrument 

/ 

(2) piece of string (10) airspeed indicator and 

' altimeter 

(3) engine, navigation, 
flight . (11) lowest bank for th^ rate of 



(4) gyroscopic 



turn 

(12) g, f, h, e, a, i 



(5) rigidity in space and 
precession (13) rat^Vf climb indicator, 

. airspeed indicator, 

(6) false ' artificial horizon, 

(7) a. temp. b. pres. 
•c. both d. temirr e. pres 



altimeter 



(8) prevent fuel starvation, better lubrication 
h. Student text assignment: read^^ages 109-120 > 
INSTRUCTIONAL AIDS: \ 
a. Films: ' ' 

(1) USAF .. .. ' ' , 

TF-1-5342A Instrument>lying Techniques - Basic Instru- 
ments, 30 min., B&W, 1$61. * * ' 

(2) FAA 

FA-06-71 Dusk to Dawn, 28 1/2 min., color, 197T. ** 

3 
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FA-09-0^ Disorientation, 19 min., color, 1973. ** 
FA 704 Stablt and Safe, 20fliin., color, 1969. ** 

Transparency ^ 

V-lon Flight Instrimehts 

Miscellaneous 

(1) Gyroscppe (V-2010) 

(2) Flight Siinulator (see page 46 this handbook) 

(3) Homemade simulator - plans for building one plus a set 
of printed instrument faces can be purchased for approxi^ 
mately $2.00 from: R. Brownsberger, 72 Parkway Avef)ue, 

I Markham, Ontario, Canada 



PROJECTS : 

a. See pages 1^-121 of the text. 



b. NHave a school photographer take pictures of a 
J ynstruments and use them for display purposes/. 

c. A5et instruments from the b^se salvage depot j 

d. / Paint instruments on the bottom of No. 10 canjt 

e. t, Iny-ite an airline pilot L 

the modem aircraft. 

8. .FURTHER READING: 



/ 

aOTual ai 



rci^a^t 



s a guest speaker of instruments in 



See page 121 of the text, 
ilj ..^Airc raft in Flight , CAP. 

if 

c. AFM 51-37, Instrument Flying 

d. AFM 51-40, Air Navigation 

e. P rivate Pilot's Handbook of Aeronautical Knowl edge , . FAA 
I AC 61-23) ' 

f. -VFR Exam-O-Gram No. 45, "Airspeeds and Airspeed Indicator 

Markings" 

g. Commander's Digest , Vol. 16, No. 7, August 15, 1974, "How 
Simulators Aid bervice Training." 
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